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Description 

TECHNICAL FIELD 

The invention relates to a vertically recording 
magnetic head, and more particularly, to a verti- 
cally recording magnetic head (single pole mag- 
netic head) which is designed so that a 
recording/playback output level is not influenced by 
an external magnetic field. 

BACKGROUND TECHNOLOGY 

It is known that a vertical magnetic recording 
system in which a magnetic record medium is 
magnetized in the direction of its thickness lends 
itself to a high density recording since the less the 
wavelength of magnetization which is magnetically 
recorded (or the higher the frequency), the less in 
principle is the self-demagnetizing field within the 
magnetic record medium. 

To perform such a vertical magnetic recording, 
it is necessary to provide a magnetic record me- 
dium which exhibits an increased vertical magnetic 
anisotropy and a magnetic record head which pro- 
duces a sharply defined, strong vertical magnetic 
field component. The vertical magnetic recording 
system can be categorized into an auxiliary pole 
excited type and a main pole excited type. 

In a vertical magnetic head system of an auxil- 
iary pole excited type, a main pole 1 comprising a 
high permeability magnetic thin film as may be 
formed by Co-Zr-Nb is disposed in opposing rela- 
tionship with an auxiliary pole 2 comprising a high 
permeability magnetizable block 2a such as may 
be formed by ferrite around which a winding 2b is 
disposed for passing an electric current represent- 
ing information signal, with a given air gap 3 inter- 
posed therebetween, as shown in Fig. 1. When 
magnetically recording or reproducing on or from a 
magnetic record medium 4, the medium 4 is 
passed through the air gap 3 in a manner such that 
the magnetizable film of the medium 4 is in sliding 
contact with the main pole film 1. The medium 4 
comprises a flexible base 4a which may be formed 
by a high polymer film on which a high permeabil- 
ity magnetic layer 4b as may be formed by Fe-Ni, 
permalloy or the like is formed, which is in turn 
overlaid with a vertically recording magnetic layer 
4c which exhibits a preferred axis of magnetization 
perpendicular to the surface of the medium. 

Describing the operation of the vertically re- 
cording magnetic head of auxiliary pole excited 
type as mentioned above, information signal which 
is delivered from a signal generator, not shown, is 
applied to the winding 2b, whereupon a magnetic 
field is produced by the auxiliary pole 2, and this 
magnetic field acts on the main pole 1 to cause a 



sharply defined magnetic field to be produced ar- 
ound the tip of the main pole 1. The sharply 
defined magnetic field is effective to record a mag- 
netic version of the information to be recorded in 

5 the medium 4. In the vertically recording magnetic 
head system of auxiliary pole excited type, the flow 
of magnetic flux follows an open magnetic path, 
and thus the sharply defined magnetic field passes 
through a magnetic path including the main pole 1 

70 magnetic record medium 4 auxiliary pole 2, 
for example, and then passes through the air space 
to return to the magnetic pole 1. 

It will be understood that the open magnetic 
path as mentioned above is likely to be influenced 

15 by external fields such as developed by a motor 
which is used to drive the medium 4 or earth 
magnetism (which is said to be on the order of 0.3 
to 0.4 Oersted in Japan). Thus, assuming that such 
external magnetic field is applied to the medium 4 

20 in a direction perpendicular thereto, as indicated by 
a solid arrow Y shown in Fig. 1, the magnetic field 
which extends through the main pole 1, the me- 
dium 4 and the auxiliary pole 2 will be as indicated 
by arrows in thin lines. Accordingly, when an exter- 

25 nal magnetic field of an increased strength as 
mentioned above is applied when a magnetic re- 
cording of a series of information signals has been 
completed and such signal is then being repro- 
duced, the output level of the reproduced signal 

30 will diminish due to the magnitude of the external 
magnetic field. 

An actual measurement of such phenomenon 
is illustrated in Fig. 2. Specifically, in the vertically 
recording magnetic head of auxiliary pole excited 

35 type as illustrated in Fig. 1, a perpendicular exter- 
nal field of strengths having several different values 
is applied to the magnetic record medium. An 
output level which is reproduced in the absence of 
an external field is plotted as "1" on the ordinate 

40 while the external field, represented in Oersted 
(Oe) is taken on the abscissa. As shown, when the 
external field has a magnitude equal to or greater 
than 1 Oe, the reproduced output level will be 
substantially reduced to zero. 

45 In addition to causing a reduction in the repro- 

duced output, the influence of an external field also 
results in a reduction in the recorded level or a 
diminishing effect upon the remanent magnetiz- 
ation of the medium in the absence of any 

so record/playback operation and when a magnetic 
head is moved close to or in sliding contact with 
the medium which has previously been recorded. 
The occurrence of such influence of the external 
field is believed to occur for the following reason: 

55 Fig. 3 graphically shows B-H response of the 

main pole of a vertically recording magnetic head 
while Fig. 4 illustrates B-H response of a record 
medium which is magnetized using a vertically 
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recording magnetic head which exhibits the re- 
sponse as indicated in Fig. 3. In the absence of an 
external magnetic field, the main pole will be mag- 
netized to a flux density corresponding to a satura- 
tion level ±Bs in both positive and negative direc- 
tions or in opposite directions from an origin O, 
varying with an alternating magnetic field produced 
by a record signal, in a manner as illustrated in Fig. 
3. On the other hand, the record medium will be 
magnetized to a flux density corresponding to a 
saturation level in both positive and negative direc- 
tions, by the magnetic field developed by the main 
pole which is magnetized in the manner mentioned 
above, as illustrated in Fig. 4, thus retaining a 
remanent flux ±Br. This represents a normal mag- 
netic recording in the record medium. In the pres- 
ence of an external magnetic field (in the positive 
direction which may be caused by the earth mag- 
netism or by a magnet of a d.c. motor), the mag- 
netizing force or magnetic field which acts upon 
the main pole comprises an additive effect of the 
magnetic field produced by the recording signal 
and the external magnetic field. In other words, the 
magnetizing force will shift in the positive direction 
on the abscissa, as viewed in Fig. 3. As a con- 
sequence, the operating point for the magnetization 
(flux density) of the main pole will move to a point 
A shown in Fig. 3, with consequence that while it 
may be magnetized to the saturation level Bs in the 
positive direction, it may not be magnetized to the 
saturation level -Bs in the negative direction. When 
the record medium is magnetized by a magnetic 
field from a main magnetic pole having a biased 
magnetization, the remanent flux in the record me- 
dium may retain + Br in the positive direction, but 
the remanent flux in the negative direction will be 
reduced to -Bk (see Fig. 4), which is less in mag- 
nitude than -Br, In other words, the external mag- 
netic field has caused a reduction in the magnetic 
recording level. 

When the vertically recording magnetic head is 
brought close to or in sliding contact with the 
record medium having a biased magnetization as 
mentioned above, in a manner illustrated in Fig. 1 , 
and when an external magnetic field of a mag- 
nitude which shifts the magnetization in the main 
pole to the point A shown in Fig. 3 is applied, the 
magnetizing force which results from the external 
field (principally concentrated on the main pole) 
causes a change of the magnetization in the record 
medium from its initial remanent magnetization -Bk 
to a value corresponding to a point A' shown in Fig. 
4. If the external field is removed subsequent to a 
change which has occurred in this manner, thus 
removing the magnetizing force from the main 
pole, the magnetization in the record medium can- 
not be restored to its original remanent magnetiz- 
ation -Bk, but will revert to a value -Bk\ which is 



less in magnitude (see Fig. 4). This is because 
there is an irreversible relationship between a mag- 
netization (flux density) and a change in the mag- 
netic field (magnetizing force) as is well recog- 
5 nized. 

Thus, the remanent magnetization or magnetic 
recording level will diminish in response to the 
application of an external magnetic field to a re- 
corded medium with or without subsequent re- 
io rnoval of the external field. It will be readily appre- 
ciated that such tendency will be notable particu- 
larly when the main pole of the vertically recording 
magnetic head is brought close to or into sliding 
contact with the record medium. 
is Assuming that a normal magnetic recording 

has been made on a medium, it is then desired to 
reproduce recorded information from the medium 
in the presence of an external field, which is a d.c. 
field as mentioned previously. In this instance, the 
20 external field will be additive to a magnetic field 
which is produced by the recorded medium, so 
that the operating point for the main pole of the 
vertically recording magnetic head will move in the 
positive direction on the abscissa from the origin O 
25 to the point A, for example, or to a point B if the 
external field has a greater magnitude. It will be 
apparent from B-H response shown in Fig. 3 that 
when the operation is centered about the point A or 
B, the rate of change in the magnetization or the 
30 flux density in the main pole which corresponds to 
a change in a magnetizing force, which now com- 
prises the signal field from the medium added with 
the external field, will be greatly reduced, and will 
be substantially equal to zero in the event the 
35 operating point is shifted beyond the point B in the 
positive direction. In this manner, the sensitivity of 
reproduction will be degraded. 

A reduction in the recording/reproducing level 
under the influence of an external magnetic field, 
40 and a reduction in the recorded level of the me- 
dium when a magnetic head is brought close to or 
into sliding contact with a recorded medium occur 
not only in the vertically recording magnetic head 
of auxiliary pole excited type, but also in the mag- 
45 netic head of main pole excited type. Thus, it is 
recognized that the vertical magnetic recording 
scheme is susceptible to the influence of an exter- 
nal magnetic field, to a greater degree than it 
occurs in a conventional parallel-to-surface record- 
so ing scheme. 

While a shielding technique which prevents an 
electromagnetic interference (see, for example, M. 
Mogi "Remedies against Noises and Troubles in 
Electronic Circuits-, published from CQ Shuppan- 
55 Sha) or a shielding technique which prevents the 
occurrence of electrostatic noises (see Laid-Open 
Patent Application No. 186,112/1984) are well 
known in the art, there is no established technology 
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which overcomes the described problems inherent 
in the vertical magnetic recording. 

From DE-A-32 31 286 a vertical recording 
magnetic head is known which comprises the fea- 
tures of the preamble of claim 1 of this patent. s 

Accordingly, it is an object of the invention to 
provide a vertically recording magnetic head which 
prevents an influence of an external magnetic field, 
which would reduce the recording/reproduced out- 
put level or the recorded level of the medium when io 
the magnetic head is brought close to or into 
sliding contact with the recorded medium. 



DISCLOSURE OF THE INVENTION 



75 



To achieve the above object, the invention is 
characterized by applying a magnetic shield com- 
prising a magnetizable material of a high magnetic 
permeability disposed in surrounding relationship 
with the main pole of a vertically recording mag- 20 
netic head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevation showing the construe- 25 
tion of a conventional vertically recording mag- 
netic head of auxiliary pole excited type; 
Fig. 2 is a response curve which illustrates a 
change in the reproduced output level when an 
external field is applied to a conventional verti- 30 
cally recording magnetic head of auxiliary pole 
excited type as indicated in Fig. 1 ; 
Fig. 3 is a graph showing the B-H response of 
the main pole of a vertically recording magnetic 
head; 35 
Fig. 4 is a graph illustrating the B-H response of 
a record medium which is magnetized by a 
vertically recording magnetic head operating 
with the response as shown in Fig. 3; 
Fig. 5A to 5D are a cross section, exploded 40 
perspective views of a vertically recording mag- 
netic head acccording to a first embodiment of 
the invention and a diagrammatic view illustrat- 
ing paths for the magnetic field; 
Figs. 6A to 6D are a cross section, exploded 45 
perspective views of a vertically recording mag- 
netic head according to a second embodiment 
of the invention and a diagrammatic view show- 
ing paths for the magnetic field; 
Figs. 7A to 7C are a cross section and exploded 50 
perspective views of a vertically recording mag- 
netic head according a third embodiment of the 
invention; 

Figs. 8A to 8C are a cross section and exploded 
perspective views of a vertically recording mag- 55 
netic head according to a fourth embodiment of 
the invention; 

Figs. 9A to 9D are a cross section and exploded 



perspective views of a vertically recording mag- 
netic head according to a fifth embodiment of 
the invention and a plan view showing the dis- 
position of a pad; 
" Figs. 10 and 11 are plan views illustrating modi- 
fications of pads which are used with the verti- 
cally recording magnetic head of the invention; 
Figs. 12A to 12D are a cross section and ex- 
ploded perspective views of a vertically record- 
ing magnetic head according to a sixth embodi- 
ment of the invention and a plan view showing 
the arrangement of a pad; 
Fig. 13 is a cross section of a vertically record- 
ing magnetic head according to a seventh em- 
bodiment of the invention; 
Fig. 14 is a cross section of a vertically record- 
ing magnetic head according to an eighth em- 
bodiment of the invention; 
Figs. 17A and 17B are a cross section and a 
diagrammatic view showing a vertically record- 
ing magnetic head according to an eleventh 
embodiment of the invention and illustrating 
paths of the magnetic field, respectively; 
Figs. 18A and 18B are a cross section of a 
vertically recording magnetic head according to 
a twelfth embodiment of the invention and a 
diagrammatic view showing paths for the mag- 
netic field, respectively; 

Figs. 19A and 19B are a cross section of a 
vertically recording magnetic head according to 
a thirteenth embodiment of the invention and a 
diagrammatic view showing paths for the mag- 
netic field; 

Figs. 20A and 20B are a cross section of a 
vertically recording magnetic head according to 
a fourteenth embodiment of the invention and a 
diagrammatic view illustrating paths for the mag- 
netic field; 

Fig. 21 is a cross section of a vertically record- 
ing magnetic head according to a fifteenth em- 
bodiment of the invention; 
Fig. 22 is a cross section of a vertically record- 
ing magnetic head according to a sixteenth em- 
bodiment of the invention; 
Fig. 23 is a bottom view of a vertically recording 
magnetic head according to a seventeenth em- 
bodiment of the invention; 

Figs. 24A and 24B are a perspective view of a 
vertically recording magnetic head according to 
an eighteenth embodiment of the invention and 
a diagrammatic view illustrating paths for the 
magnetic field; 

Fig. 25 is a perspective view of a vertically 
recording magnetic head according to a nine- 
teenth embodiment of the invention; 
Figs. 26A and 26 B are a cross section of a 
vertically recording magnetic head according to 
a twentieth embodiment of the invention and a 



5 



343 



Page 6 of 54 
r 



7 EP 0 202 343 B1 8 



diagrammatic view illustrating a leakage flux pro- 
duced from an erase head; 
Fig. 27 is a cross section of a "vertically record- 
ing magnetic head according to a twenty-first 
embodiment of the invention; 
Figs. 28A to 28D are a cross section and ex- 
ploded perspective views of a vertically record- 
ing magnetic head according to a twenty-second 
embodiment of the invention and a diagram- 
matic view showing paths for the magnetic field; 
Fig. 29 is a cross section of a vertically record- 
ing magnetic head according to a twenty-third 
embodiment of the invention; 
Figs. 30A and 30B are a cross section of a 
vertically recording magnetic head according to 
a twenty-fourth embodiment of the invention and 
a diagrammatic view showing paths for the mag- 
netic field; 

Fig. 31 is a cross section of a vertically record- 
ing magnetic head according to a twenty-fifth 
embodiment of the invention; 
Fig. 32 is a cross section of an essential part of 
a magnetic recording and reproducing apparatus 
to which a vertically recording magnetic head of 
the invention is applied; 

Fig. 33 is a perspective view of the apparatus 
shown in Fig. 32; 

Figs. 34A to 34C are an enlarged cross section 
and a perspective view of the vertically record- 
ing magnetic head shown in Fig. 32 together 
with its surrounding region and a diagrammatic 
view showing paths for the magnetic head, re- 
spectively; 

Fig. 35 is a side elevation of the apparatus 
shown in Fig. 32; 

Fig. 36 is a front view, partly broken away, of 
the apparatus shown in Fig. 32; 
Fig. 37 is an enlarged end view of a vertically 
recording magnetic head according to a twenty- 
sixth embodiment of the invention; 
Figs. 38A to 38C are perspective views illustrat- 
ing a procedure of constructing one component 
of a thin-film vertically recording magnetic head 
shown in Fig. 37; 

Figs. 39A and 39B are perspective views illus- 
trating a procedure to construct the other com- 
ponent of the vertically recording magnetic head 
shown in Fig. 37; and 

Fig. 40 is a perspective view illustrating a step 
of fitting the two components together to define 
a thin-film vertically recording magnetic head. 

BEST MODES OF CARRYING OUT THE INVEN- 
TION 

Figs. 5A, 5B and 5C illustrate a first embodi- 
ment of the invention, as applied to a vertically 
recording magnetic head of auxiliary pole excited 



type. In the invention, it is also desirable that a 
magnetic record medium 4 which is entirely similar 
to that shown in Fig. 1 be used. Thus, as men- 
tioned previously, the magnetic record medium 4 
5 comprises the flexible base 4a which may be 
formed of a film of high polymer on which is 
formed a magnetizable layer 4b of high magnetic 
permeability as may be formed by Fe-Ni, permal- 
loy or the like, which is overlaid with a vertically 
io recording magnetic layer 4c having a preferred axis 
of magnetization which is directed perpendicular to 
the surface of the record medium. 

As shown in Figs. 5A, 5B and 5C, the vertical 
recording magnetic head 10 of auxiliary pole ex- 
is cited type comprises a main" pole block 15, a main 
pole shield block 16, an auxiliary pole shield block 
19 and an auxiliary pole 23. 

The main pole block 15 comprises a main pole 
film 11 which may be formed of an amorphous 
20 magnetic metal such as cobalt-zirconium-niobium, 
cobalt-zirconium-molybdenum, permalloy or Sen- 
dust, for example, and which is held sandwiched 
between a pair of laterally disposed main pole 
sandwich members 12, 13 which may be formed of 
25 a crystallized glass, non-magnetic ferrite or the like. 
A block 14 of a magnetizable material exhibiting a 
high magnetic permeability such as manganese- 
zinc-ferrite, nickel-zinc-ferrite or the like has its 
bottom surface cemented to the top of the main 
30 pole film 11 and the both sandwich members 12, 
13. The lower surface of the main pole block 15 is 
polished to present an arcuate surface, in which the 
lower end face of the main pole film 1 1 is exposed. 
The main pole shield block 16 is in the form of 
35 an inverted box having a recess 16a which is open 
toward its bottom and is formed of the same ma- 
terial as the block 14, namely, a magnetizable 
material exhibiting a high magnetic permeability. 
The block 16 is disposed in surrounding relation- 
40 ship with the entire main pole block 15. A non- 
magnetic adhesive 27 such epoxy resin, water 
glass or the like fills in a clearance defined be- 
tween the both blocks 16 and 15. A pair of semi- 
cylindrical pads 17, 18, which are formed of a 
45 lubricating material such as vitreous carbon, are 
cemented to the lower end face of the shield block 
16 toward outer ends, and these pads 17, 18 are 
disposed so as to be coplanar with the lower end 
face of the main pole film 11. 
so The auxiliary pole shield block 19 is formed of 

the same material as the magnetizable material of 
the block 14, thus exhibiting a high magnetic per- 
meability, and is in the form of a slab-shaped 
member having a lateral width which is on the 
55 order of approximately two-third that of the main 
pole shield block 16. The auxiliary pole 23 com- 
prises a body 22 in the form of a polygonal pillar of 
a reduced length which is disposed centrally on the 
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top surface of the shield block 16 so as to be 
located opposite to the lower end face of the main 
pole film 11, and is formed of a ferrite or the like. 
Additionally, the auxiliary pole 23 comprises a 
winding 24 disposed around the body 22 for pass- 
ing and delivering a signal. A pair of semi-cylin- 
drical pads 20, 21 , formed of the same material as 
the pads 17, 18, are cemented to the upper surface 
of the shield block 19 toward its opposite lateral 
ends. 

It will be appreciated that the surface of the 
auxiliary pole shield block 19 which carries the 
auxiliary pole 23 thereon is disposed in opposing 
relationship with the surface of the main pole block 
15 carrying the main pole film 11 as well as the 
bottom surface of the main pole shield block 16 
with a suitable air gap therebetween. The air gap is 
narrow enough to present an increased resistance 
to any external magnetic field which tends to find 
its way into the gap. The magnetic record medium 
4 runs in the direction indicated by an arrow X in 
sliding contact with the main pole film 11 while its 
opposite surfaces are maintained in abutting rela- 
tionship with the pads 17, 18 and the pads 20, 21. 

When a magnetic recording operation is per- 
formed with the magnetic head 10 constructed in 
the manner mentioned above, "a" magnetic field 
produced by the cooperation of the auxiliary mag- 
netic pole 23 and the main pole film 1 1 is config- 
ured as a pair of oblong ellipses 25 disposed side 
by side, as indicated in Fig. 5D. If an external field, 
indicated by a solid arrow Y, is applied perpendicu- 
lar to the record medium 4 during or after the 
magnetic recording process, the external field will 
proceed downward through the main pole shield 
block 16 along separate branches indicated by 
arrows 26, and then passes through the record 
medium 4 to enter the auxiliary pole shield block 
19, the bottom surface of which is effective to 
release it into the air. In other words, the internal 
magnetic field indicated by numeral 25 is com- 
pletely separated from the external magnetic field 
indicated by numeral 26, preventing any influence 
of the external field upon the internal field or re- 
corded field. In this manner, a reduction in the 
recording/reproduced level attributable to the pres- 
ence of an external magnetic field as well as a 
reduction in the recording level in the medium 
when the magnetic head is brought close to or into 
sliding contact with the recorded medium can be 
effectively avoided. 

The shielding effect can be further enhanced 
by forming the pads 17, 18, 20 and 21 from a 
magnetically soft material. 

Figs. 6A, 6B and 6C show a second embodi- 
ment of the invention, which is applied to a verti- 
cally recording magnetic head of main pole excited 
type. In the description to follow, it should be 



understood that components or parts which are 
identical or equivalent in fuction are designated by 
like numerals as used above, followed by alpha- 
betical capital letters "A", "B". C", and so on, 

5 without repeating the description of what has been 
mentioned previously. 

As shown in Figs. 6A, 6B and 6C, a vertically 
recording magnetic head 10A of main pole excited 
type comprises a main pole block 15A, a main pole 

10 shield block 16A and a pad mounting shield block 
32. The main pole block 15A comprises a block 
14A of a magnetizable material, a main pole film 
11A and a pair of main pole sandwich members 
12A, 13A. Specifically, the block 14A is in the form 

15 of a parallel piped of a magnetizable material exhib- 
iting a high magnetic permeability such as ferrite 
and which is centrally formed with a recess in its 
bottom surface, as viewed in Fig. 6A, with a projec- 
tion disposed substantially centrally in the recess 

20 and carrying a winding 24A. The upper end face of 
the main pole film 11 A is cemented to the projec- 
tion, and the main pole film 11 A is held between 
the pair of main pole sandwich members 12A, 13A, 
the upper end faces of which are cemented to the 

25 bottom surface of the block 14A. 

The main pole shield block 16A is disposed in 
surrounding relationship with the main pole block 
15A, and a pair of semi-cylindrical pads 17A, 18A 
are cemented to the lower end face of the both 

30 limbs of the shield block 16A toward their outer 
ends. 

The pad mounting shield block 32 is disposed 
below the main pole block 15A, and is in the form 
of a parallelpiped which is formed of the same 

35 magnetizable material exhibiting a high magnetic 
permeability as that used to form the block 14 (see 
Fig. 5A). The shield block 32 is centrally formed 
with a raised portion 32a so as to be coextensive 
with the block 1 4A. A pair of semi-cylindrical pads 

40 20A, 21 A are cemented to the upper surface of the 
shield block 32 toward its opposite ends. 

The upper surface of the shield block 32 hav- 
ing the raised portion 32a is disposed opposite to 
and spaced by a given air gap from the entire 

45 lower surface including the lower end faces of the 
main pole block 15A and the main pole shield 
block 16A. The magnetic record medium 4 runs 
through the air gap in sliding contact with the main 
pole film 11 while its opposite surfaces is main- 

50 tained in abutting relationship with the pads 17A, 
18A and the pads 20A, 21 A. The provision of the 
raised portion 32a enables a reduction in the reluc- 
tance, thus improving the efficiency of the mag- 
netic head. 

55 When a magnetic recording or playback opera- 

tion is performed using the magnetic head 10A, the 
magnetic path 25A which is effectively used in the 
recording and playback is completely separated 
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from an external field 26A, if an external field is 
present as indicated by a solid arrow Y, in a 
manner shown in Fig. 6D, whereby the described 
problems which are attributable to the presence of 
an external magnetic field can be effectively avoid- 
ed. 

Figs. 7A, 7B and 7C show a vertically record- 
ing magnetic head 10B of auxiliary pole excited 
type, which represents a modification of the first 
embodiment. In this head H)B, a spacing between 
pads 17B and 18B which are cemented to the main 
shield block 16B is reduced as compared to the 
spacing used in the first embodiment shown in Fig. 
5A while a spacing between pads 20B and 21 B 
which are cemented to the auxiliary pole shield 
block 19B is increased than that used in the first 
embodiment. If the spacing between either upper 
or lower pads is changed, the recording or repro- 
duced magnetic field is completely separated from 
an external magnetic field as before, again avoiding 
the problems attributable to the presence of an 
external magnetic field. A change in the spacing 
between the pads enables the choice of a suitable 
pressure between the record medium 4 and the 
main pole film 11 as a sliding contact occurs 
therebetween, thus allowing an optimum contact 
with respect to the tip of the main pole to be 
achieved. 

Figs. 8A, 8B and 8C show a vertically record- 
ing magnetic head 10C of main pole excited type, 
which represents a modification of the second em- 
bodiment. As in the modification shown in Figs. 7A 
to 7C relative to the first embodiment, the spacing 
between the pads 17C and 18C on the main pole 
shield block 16C as well as the spacing between 
pads 20C and 21 C on the pad mounting shield 
block 32C which includes a raised portion 32aC is 
changed for the reasons mentioned previously. 

In the embodiments described above, all of the 
pads, for examples, the pads 17, 18, 20 and 21 
used in the vertically recording magnetic head 10 
shown in Fig. 5A, extend linearly in a direction 
orthogonal to the running direction of the magnetic 
medium 4. Thus, the pads 17 and 18 on the main 
pole shield block 16, as well as the pads 20 and 21 
on the auxiliary shield block 19 are disposed up- 
stream and downstream, respectively, as viewed in 
the direction of running X of the record medium 4, 
of the lower surface of the main pole block 15 
which presents a surface for sliding contact with 
the medium, and are elongate in a direction or- 
thogonal to the direction X. For this reason, powder 
of magnetizable material which is abraded off the 
magnetic record medium 4 or dust suspended in 
the air tend to be accumulated on the upstream 
pads 17 and 20, and if they are allowed to flow 
downstream, they will pass the sliding surface of 
the main pole block 15 to cause the ingress of dust 



into the clearance between the sliding surface and 
the record medium 4. 

In addition, it will be understood that the pads 
17 to 21 operate to press against the magnetic 
5 record medium 4 over an extensive area in the 
direction of the track width at locations upstream 
and downstream of the sliding surface on the main 
pole block 15, thus causing an increase in the 
resistance presented to the running of the record 
w medium 4 and also tending to cause a reduction in 
the pressure of contact of the record medium 4 
against the sliding surface, accompanying the likeli- 
hood that a uniform pressure of contact may not be 
achieved over the entire track width. 
75 Accordingly, there is proposed a vertically re- 

cording magnetic head which assures a satisfac- 
tory contact of the record medium with the sliding 
surface on the main pole block and reducing the 
influence of dusts while preventing a reduction in 
20 the recording/reproduced output level due to the 
presence of an external magnetic field. An embodi- 
ment of such a magnetic head is illustrated in Figs. 
9A, 9B and 9C. Specifically, a vertically recording 
magnetic head 10D is of the auxiliary pole excited 
25 type in the similar manner as the magnetic head 10 
shown in Figs. 5A to 5C, and comprises a main 
pole block 15D, a main pole shield block 16D, an 
auxiliary pole shield block 19D, an auxiliary pole 
23D and pads 17D. 20D, generally in the similar 
30 manner as the head 10. 

The main pole shield block 16D is formed of a 
magnetizable material exhibiting a high magnetic 
permeability in entirely the same manner as the 
main pole shield block 16 mentioned previously, 
35 with the main pole block 15D disposed in a recess 
16aD formed therein. A non-magnetic adhesive fills 
a clearance between the main pole block 15D and 
the main pole shield block 16D, whereby the block 
14D is secured as embedded in the recess 16aD. 
40 The both main pole sandwich members 12D, 13D 
and the main pole film 11D held therebetween, all 
of which are cemented to the lower surface of the 
block 14D. project from the end face defined by 
the opening of the recess 16aD in the main pole 
45 shield block 16D. 

It will be seen from Figs. 9A and 9B that the 
lower end of the main pole block 15D which pro- 
jects from the opening of the recess 16aD is elon- 
gate in a direction parallel to the running direction 
so X of the record medium 4, as viewed in the plane 
thereof. More specifically considering a sliding sur- 
face 15aD thereon which is disposed opposite to 
the record medium 4, it projects toward the record 
medium 4 in an arcuate form with a selected cur- 
55 vature, as viewed in the running direction X while it 
is arcuately formed with a greater curvature, or with 
a reduced radius of curvature, in a direction or- 
thogonal to the running direction X. Accordingly, 
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when the sliding surface 15aD, which represents 
the lower end face of the main pole block 15D, is 
in sliding contact with the flexible record medium 4, 
a substantially elliptical region 15aoD of the sliding 
surface 15aD, which has a major axis in the run- 
ning direction X and centered about the lower end 
face 11aD of the main pole film 11D will be actually 
in sliding contact with the record medium 4 to 
impart such an elliptical deformation thereto, as 
indicated in Fig. 9D. 

A substantially elliptical pad 17D is cemented 
to the lower end face of the main pole shield block 
16D toward the edge thereof so as to surround the 
lower end of the main pole block 1 5D, as shown in 
Fig. 9B. The pad 17D comprises a lubricating ma- 
terial such as vitreous carbon, for example, and is 
semi-circular in cross section (see Fig. 9A). The 
major axis of the elliptical configuration of the pad 
17D coincides with the running direction X of the 
record medium 4. Accordingly, when the lower end 
face of the pad 17D is in sliding contact with the 
record medium 4, the pad 17D will be in contact 
with the record, medium 4 in an elliptical configura- 
tion which surrounds the sliding region 15aoD, as 
indicated in Fig. 9D. 

The auxiliary pole shield block 19D is located 
in opposing relationship with the main pole shield 
block 16D, which is assembled into an integral unit 
with the main pole block 15D in surrounding rela- 
tionship therewith, with the record medium 4 inter- 
posed therebetween, and is formed of a mag- 
netizable material exhibiting a high magnetic per- 
meability as is the main pole shield block 16D. The 
auxiliary pole 23 D comprises a body 22D, formed 
of a ferrite, for example, which is disposed on the 
upper surface of the auxiliary pole shield block 1 9D 
at a location opposite to the main pole film 11D, 
with a winding 24D disposed around the body 22D. 
A substantially elliptical pad 20 D is cemented to 
the upper surface of the auxiliary pole shield block 
19D toward its edge so as to surround the auxiliary 
pole 23D, as shown in Fig. 9C. The pad 20D 
comprises a lubricating material such as a vitreous 
carbon, for example, in a similar manner as the pad 
17D. The pad 20D also is semi-circular in cross 
section (see Fig. 9A). The pad 20 D has a major 
axis of its elliptical configuration which coincides 
with the running direction X of the record medium 
4, The upper end face of the pad 20D is slightly 
higher than the upper end face of the auxiliary pole 
23 D, and thus is in sliding contact with the lower 
surface of the record medium 4 which is not a 
recording surface. Accordingly, the pad 20 D is in 
sliding contact with the record medium 4 in an 
elliptical configuration, as located between the slid- 
ing region 15aoD and the pad 17D, from the op- 
posite side of the medium 4. 

When a magnetic recording or playback opera- 



tion is performed using the magnetic head 10D 
thus constructed, the magnetic record medium 4 
runs in a direction indicated by a solid arrow X 
through the space defined between the main pole 

5 shield block 16D and the auxiliary pole shield block 
19D while being maintained in sliding contact with 
the sliding surface 15aD which is centered about 
the main pole film 11 D and while its opposite 
surfaces are maintained in abutting relationship 

w with the pads 17D and 20 D. As the record medium 
4 runs in the direction of the arrow X, the pads 17D 
and 20D are sliding contact therewith in elliptical 
regions which are oblong in the running direction X 
and centered about the actual sliding region 15aoD, 

is thus reducing the resistance which the magnetic 
head 10D presents with respect to the running of 
the record medium 4 while stabilizing the sliding 
contact therebetween. In addition, any dust which 
may be deposited upon the record medium 4 is 

20 prevented from reaching the lower end face 11aD 
of the main pole film 11 D which represents the 
center of the sliding contact region 15aoD, due to 
the presence of the pads 17D and 20D. In other 
words, the pads 17D and 20D are maintained in 

25 sliding contact with the record medium 4 over an 
increased length in the running direction X and on 
the opposite sides of the sliding contact region 
15aoD, as viewed in a direction orthogonal to the 
running direction X or in the direction of the track 

30 width. This reduces the resistance presented to the 
running of the record medium while assuring a 
close contact of the record medium 4 with the 
sliding contact surface 1 5aD of the main pole block 
15D, or more particularly, to the elliptical sliding 

35 contact region 15aoD, thus enabling the main pole 
. film 11D to be maintained in sliding contact with 
the record medium with a uniform, stabilized pres- 
sure across the full area in the direction of the track 
width. Any dust which is carried with the record 

40 medium 4 and travelling in the direction of the 
arrow X will move along the contour of the pads 
17D, 20D, in separated paths, indicated by arrows 
Yi and Y 2 . If any dust moves past the sliding 
contact region 15aoD in the vicinity thereof, the 

45 close contact betweeen the record medium 4 and 
the region 15aoD which is achieved by the pres- 
ence of the pads 17D, 20D prevents such dust 
from moving into the region 15aoD, thus allowing 
such dust to move downstream smoothly without 

so accumulating around the region. 

When an external magnetic field is applied to 
the magnetic head 10D during a record/playback 
operation, such external field passes through the 
main pole shield block 16D and then through the 

55 auxiliary pole shield block 19D to be released 
externally, preventing any influence of the external 
field upon the record/playback field developed 
across the main pole block 15D and the auxiliary 
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pole 23D in the similar manner as mentioned 
above in connection with the magnetic head 10. 
Accordingly, by utilizing a magnetically soft ma- 
terial to form the pads 17D, 20D which bear against 
the opposite sides of the record medium 4 while 
completely surrounding the lower end of the main 
pole block 15D and the auxiliary pole 23D, between 
the main pole shield block 16D and the auxiliary 
pole shield block 19D, the magnetic shielding ef- 
fect against any, external magnetic field can be 
further improved. 

In addition to the pads 17D, 20D illustrated 
above, pad members which may be used in the 
vertically recording magnetic head of the invention 
may comprise pads 17D lf 17D2, 20D! and 2OD2 
shown in Fig. 10 or pads 17D 3f 17D 4 , 20D 3 , 20D 4 
shown in Fig. 11, for example. Pads 17Di, 17D 2 
shown in Fig. 10 are attached to the lower surface 
of the main pole shield block 16D in a similar 
manner as the pad 1 7D, and are configured so as 
to correspond to both lateral sides of the elliptical 
configuration of the pad 17D which are situated in a 
direction orthogonal to the arrow X. Pads 2QD U 
2OD2 are attached to the upper surface of the 
auxiliary pole shield block 19D in a similar manner 
as the pad 20D, and are configured so as to 
correspond to lateral portions of the elliptical con- 
figuration of the pad 20D which are situated in a 
direction orthogonal to the arrow X. As before, they 
bear against the record medium 4 along opposite 
sides of the region 15aoD of sliding contact, as 
viewed in a direction orthogonal to the direction of 
the arrow X, thus reducing the resistance which the 
record medium 4 experiences during its running. In 
addition, the sliding contact between the medium 4 
and the region 15aoD is stabilized, in particular, 
achieving uniform pressure for sliding contact with 
the main pole film surface 11aD over the full track 
width. In this instance, there is no pad upstream of 
the region 15aoD, but any dust which moves to a 
point upstream of the region 15aoD is prevented 
from entering such region as a result of the close 
contact achieved between the record medium 4 
and the region 15aoD by virtue of the presence of 
the pads 17Di, 17D 2 , 20^ and 20D 2 , and are 
caused to move downstream smoothly along the 
periphery of the region 15aoD, as indicated by 
arrows Y 11t Y 12 . Pads 17D 3l 17D + shown in Fig. 11 
correspond to the pads 17Di. 17D 2 shown in Fig. 
10, while pads 20D 3 , 20D 4 correspond to the pads 
20Di f 20D 2 . These pads 17D 3 , 17D 4 , 20D 3 and 
20D+ have linear edges in the direction of the 
arrow X, and function in the similar manner as the 
pads shown in Fig. 10. 

The embodiments described above have been 
applied to a vertically recording magnetic head of 
auxiliary pole excited type, but it should be under- 
stood that they are also applicable to a vertically 



recording magnetic head of main pole excited type. 

The pads 17D, 20D illustrated in Figs. 9A to 9D 
have an elliptical configuration, but an annular pad 
may serve the same purpose. A vertically record- 
5 ing magnetic head which employs an annular pad 
will now be described. 

Figs. 12A, 12B and 12C illustrate a vertically 
recording magnetic head 10E of auxiliary pole ex- 
cited type, and comprises a main pole block 15E, a 
10 main pole shield block 16E, an auxiliary pole shield 
block 19E, an auxiliary pole 23E and pads 17E, 
20E, generally in a similar manner as the magnetic 
head 10D. 

The main pole shield block 16E is formed of a 
15 magnetizable material exhibiting a high magnetic 
permeability, and is formed with a recess 16aE in 
which the main pole block 15E is disposed. The 
main pole block 15E includes a block 14E of a 
magnetizable material which is embedded into the 
20 recess 16aE by filling a clearance defined between 
the block 15E and the main pole shield block 16E 
with a non-magnetic adhesive. A pair of main pole 
sandwich members 12E, 13E are cemented to the 
lower surface of the block 14E as is a main pole 
25 film 1 1E which is disposed between the both sand- 
wich members 12E, 13E, with the members 11E to 
13E projecting from the plane defined by the open- 
ing of the recess 16aE formed in the main pole 
shield block 16E. 
30 It will be seen from Figs. 12A and 12B that the 

lower end of the main pole block 15E which pro- 
jects beyond the plane of the opening of the recess 
16aE is shaped to present a curved surface which 
corresponds to part of a sphere. In other words, the 
35 main pole block 15E has a spherical surface 15aE 
for sliding contact with the record medium. Accord- 
ingly, when the spherical surface 15aE is in sliding 
contact with the flexible record medium 4, a region 
15aoE having a truly circular configuration, as view- 
<o ed in plan view, which is centered about the lower 
end face 1laE of the main pole film 11E, will be 
actually placed in sliding contact with the record 
medium 4 to cause a deformation thereof in the 
truely circular configuration, as shown in Fig. 12D. 
45 Towards the outer ends, the lower end face of 

the main pole shield block 16E has an annular pad 
17E cemented thereto so as to surround the lower 
end portion of the main pole block 15E. The pad 
17E is formed of a lubricating material such as 
so vitreous carbon, for example, and has a semi- 
circular cross section (see Fig. 12A). Hence, when 
the lower end face of the pad 17E is in sliding 
contact with the record medium 4, the pad 17E will 
be in sliding contact with the record medium 4 in 
55 an annular region surrounding the region 15aoE, as 
indicated in Fig. 12D. 

The auxiliary pole shield block 19E is disposed 
in opposing relationship, with the record medium 4 
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interposed therebetween, with the main pole shield 
block 16E which is coupled integrally with the main 
pole block 15E, and is formed of a magnetizable 
material exhibiting a high magnetic permeability in 
the same manner as the main pole shield block 
16E. As shown in Fig. 12C, an annular pad 20E is 
cemented to the upper surface of the auxiliary pole 
shield block 19E toward its outer ends, in surround- 
ing relationship with the auxiliary pole 23E. The 
pad 20E is also formed of a lubricating material 
such as vitreous carbon, for example, in the similar 
manner as the pad 17E, and has a semi-circular 
cross section (see Rg. 12A). The upper end face of 
the pad 20E is at an elevation which is slightly 
higher than the upper end face of the auxiliary pole 
23E so as to be in sliding contact with the lower 
surface or non-record surface of the record me- 
dium 4. Thus, as shown in double chain line in Fig. 
12D, the pad 20E is in sliding contact with the 
record medium 4 in an annular area located be- 
tween the sliding contact region 1 5ao E and the pad 
17E on the opposite side of the record medium 
from the latter. 

When a magnetic record/playback operation is 
performed with the magnetic head 10E thus con- 
structed, as the magnetic record medium 4 runs in 
the direction of the arrow X in sliding contact with 
the surface 1 5aE which is centered about the main 
pole film 1 1 E while its opposite surfaces are main- 
tained in abutting relationship with the pads 17E 
and 20E between the main pole shield block 16E 
and the auxiliary pole shield block 19E, the pads 
17E and 20E will be in sliding contact with such 
record medium 4 in an annular area which sur- 
rounds the actual sliding contact region 15aoE, as 
indicated in Fig. 12D, thus reducing the resistance 
which the record medium 4 experiences for its 
running, and stabilizing the sliding contact. Any 
dust which is deposited on the record medium 4 is 
prevented from reaching the lower end face 11aE 
of the main pole film 11 E which represents the 
center of the sliding contact region 15aoE, by the 
presence of the pads 17E, 20E. Stated differently, 
the pads 17E, 20E are in sliding contact with the 
record medium 4 on the opposite sides of the 
sliding contact region 15aoE, as viewed in a direc- 
tion orthogonal to the running direction X or cros- 
swise of the track, thus reducing the resistance 
which the record medium 4 experiences for its 
running. At the same time, the record medium 4 is 
reliably held in close contact with the truly circular 
sliding contact region 15aoE of the surface 15aE of 
the main pole block 15E, and thus will be in sliding 
contact with the main pole film 11E with a stabi- 
lized, uniform pressure across the full track width. If 
any dust is carried in the direction of the arrow X 
as the record medium 4 runs, pads 17E, 20E act to 
pass such dust therealong these, as indicated by 



arrows Yio, Y 2 o, as branch flows, and if any dust 
moves close to the sliding contact region 15aoE, it 
cannot enter such region as a result of the close 
contact maintained between the record medium 4 

5 and the sliding contact region 15aoE by the pres- 
ence of the pads 17E, 20E, which allow such dust 
to move smoothly downstream without causing 
their accumulation around the region 15aoE. 

A pad member used in various embodiments 

10 described above is generally formed of a lubricat- 
ing material, and hence is subject to abrasion due 
to its sliding contact with the magnetic record me- 
dium. Forming a pad member of a material which 
is less susceptible to abrasion will provide a more 

75 excellent vertically recording magnetic head. 

It will be understood that a separation loss 
caused by the presence of a clearance between a 
record medium and a main pole must be reduced 
in order to improve the recording efficiency of a 

20 vertically recording magnetic head. It is desirable 
that the separation between the main pole and the 
record medium be reduced toward zero by achiev- 
ing a perfect close contact therebetween. It is also 
necessary that the spacing between the tip of the 

25 main pole and the tip of the auxiliary pole be 
maintained at a constant value. Considering the 
vertically recording magnetic head 10 (see Fig. 5a), 
for example, the abrasion of the pads 17, 18, 20 
and 21 makes it difficult to maintain a constant 

30 spacing between the both poles, and may also 
cause a damage to the record medium. To elimi- 
nate such disadvantage, the surface of the pads 
17, 18, 20 and 21 which is disposed for sliding 
contact with the record medium may be coated 

35 with abrasion resistant protective film of inorganic 
material having a thickness on the order of 1 u. 
Suitable inorganic materials include SiC, Si02, SiN, 
TiN, AI 2 0 3 and TiC. When pads 17, 18, 20 and 21 
having a protective film on their surface are used, 

ao the magnitude of friction which these pads exper- 
ience during its sliding contact with the record 
medium 4 will be reduced, enabling the magnetic 
head 10 to be maintained in a condition so as to be 
guided" properly and significantly reducing any 

45 abrasion or damage caused to the pads and the 
record medium 4, thus avoiding a degradation in 
the recording efficiency. 

It is also possible to form the pads 17, 18, 20 
and 21 of a material which lends itself to the 

50 removal of dust. As mentioned previously, if ab- 
raded powder of non-magnetic material or dust 
suspended in the air is deposited on the record 
medium 4 during a record/playback operation, such 
powder or dust may have an adverse influence 

55 upon a record/playback signal and may also cause 
a damage to the main pole film or the record 
medium. To prevent this, the surface of the pads 
17, 18, 20 and 21 may be formed with a thin film 
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which is effective to remove dust. Suitable materi- 
als for such thin film include alumina (Ai 2 03), 
chromium dioxide (Cr0 2 ), beryllia (BeO). The thin 
film may comprise a single one of such material or 
a combination of suitable materials. When such thin 
film is formed on the surface of the pads 17 to 21, 
any dust which is deposited on the record medium 
4 may be scraped off therefrom, allowing the re- 
cording surface of the medium 4 to be maintained 
clean. Consequently, the reproduction envelope 
can be maintained in a proper waveform. 

It should be understood that the abrasion resis- 
tant protective film or dust removing thin film is not 
limited in its application to the first embodiment or 
the pads 17 to 21, but may also equally be applied 
to pad members of other embodiments described 
above. In addition, the entire pad may be formed of 
materials mentioned above, rather than forming 
only the surface of the pad by a thin layer of such 
material. 

In the described embodiments, the main pole 
of the vertically recording magnetic head com- 
prises a main pole block which is embedded and 
secured in a recess formed in the main pole shield 
block of a magnetizable material which exhibits a 
high magnetic permeability, by injecting an adhe- 
sive into the recess. When such process is used, a 
spacing d between the upper end face of the block 
of magnetizable material and the bottom surface of 
the recess (see Fig. 13) may vary with the amount 
of adhesive which fills such space, presenting a 
difficulty in accurately determining the degree of 
projection of the main pole block from the plane 
defined by the opening of the recess. Any inaccu- 
racy in the degree of projection of the main pole 
block results in an unstable contact between the 
main pole film disposed on the lower end of the 
main pole block and the record medium to interfere 
with performing a good record/playback operation, 
causing notable variations in the performance of 
record/playback operation. This aspect is consid- 
ered in a further embodiment of the invention 
which is described next. 

Fig. 13 shows an embodiment of vertically re- 
cording magnetic head 10F in which this aspect is 
considered. The vertically recording magnetic head 
10 of auxiliary pole excited type shown in Fig. 5A 
is modified. Specifically, in the magnetic head 10F, 
the main pole block 15F is disposed in a recess 
16aF formed in a main pole shield block 16F in the 
same manner as in the magnetic head 10, and is 
secured in place by a non-magnetic adhesive 27F 
such as epoxy resin, water glass or the like. The 
adhesion takes place between the vertical side of 
the recess 16aF and the outer side of a block 14F 
of a magnetizable material, with a non-magnetic 
spacer 28 interposed between the block 14F of the 
main pole block 15F and the upper bottom surface 



of the recess 16aF in the main pole shield block 
16F. Thus, when securing the main pole block 15F 
into the recess 16aF formed in the main pole shield 
block 16F, the spacer 18 is initially inserted into the 
5 recess 16aF, followed by the insertion of the block 
14F into the recess 16aF, with a clearance left 
within the recess 16aF around the block 14F being 
filled with the non-magnetic adhesive 27F. 

The thickness d of the spacer 28 is suitably 

w chosen depending on the precision of the depth of 
the recess 16aF as well as the precision of the 
height of the block 14F which is inserted into the 
recess. By choosing a suitable value for the thick- 
ness d, the amount by which the main pole block 

rs 15F projects beyond the recess 16aF can be deter- 
mined accurately. 

Assuming that the spacer 28 is not provided 
and the corresponding space is filled with the ad- 
hesive 27F, the amount by which the main pole 

20 block 15F projects beyond the recess 16aF will 
vary with the amount of adhesive applied, and if 
the amount of projection is adjusted before solidi- 
fication of the adhesive, the amount of projection 
will change with a change in the volume of the 

25 adhesive as it is solidified. However, in the present 
embodiment, the presence of the spacer 28 pro- 
vides a magnetic insulation between the block 14F 
and the main pole shield block 16F while enabling 
a vertically positioning of both blocks 14F and 16F 

30 to eliminate the inconvenience caused by filling the 
space therebetween with the adhesive. The adhe- 
sive 27F, which fills the clearance left around the 
block 14F of magnetizable material which is in- 
serted into the recess 16aF with the spacer 28 

35 interposed therebetween, only serves the very pur- 
pose of fixing the main pole shield block 16F and 
the block 14F of magnetizable material relative to 
each other while magnetically insulating them from 
each other, while eliminating any unintended 

40 change in the amount by which the block 15F 
projects out of the recess 16aF. In this manner, the 
amount of projection of the lower end of the main 
pole block 15F with respect to the opening of the 
recess 16aF, or the dimension as measured be- 

45 tween the level of the lower end face of the block 
16F and the level of the lower end face of the block 
15F carrying the main pole film 11F can be deter- 
mined to a high precision, by merely interposing 
the spacer 28 therebetween. 

so In the described embodiment, the spacer 28 is 

in the form of a flat plate, but a number of various 
configurations may be employed therefor. By way 
of example, in a vertically recording magnetic head 
IPG of main pole excited type as illustrated in Fig. 

55 14, a non-magnetic spacer 28G having a crown 
configuration is disposed on the top end of a block 
14G of magnetizable material of a main pole block 
15G so as to coat it including part of the lateral 
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surface of the block 14G. In this manner, the spac- 
er 28G is effective to position the main pole block 
15G vertically relative to the main pole shield block 
16G or to adjust the amount of projection of the 
lower end of the main pole block 15G out of the s 
recess 16aG in an accurate manner, and is also 
effective to locate the main pole block 15G cen- 
trally of the recess 1 6aG as viewed in the horizon- 
tal direction. This provides a uniform clearance 
between the block 14G and the main pole shield jo 
block 16G on the opposite sides in the horizontal 
direction, and such clearance is filled with an adhe- 
sive 27G to provide an integral construction of the 
main pole block 15G and the main pole shield 
block 16G for the magnetic head 10G. In this 15 
magnetic head 10G , a more perfect separation is 
achieved between any external magnetic field 
which passes through the main pole shield block 
16G and an internal recording magnetic head 
which is developed within the main pole block 15G. 20 

As another modification, the spacer 28 or 28G 
may be locally perforated, and the perforations 
may be filled with an adhesive to provide an en- 
hanced adhesion effect between the main shield 
block 16 (16F, 16G) and the block of magnetizable 25 
material 14(14F, 14G). 

However, during the use of the vertically re- 
cording magnetic head constructed in the manner 
mentioned above, an abrasion of the main pole 
occurs obviously, and eventually reaches the end 30 
of its useful life where it fails to maintain a good 
recording and reproducing function as the use con- 
tinues over an increased length of time. It will be 
seen that it is desirable to permit the main pole 
alone to be replaced by a fresh pole to allow the 35 
good recording/playback operation to be continued. 
At this end, a vertically recording head which per- 
mits a replacement of the main pole in a facilitated 
manner and which is independent from influences 
of external magnetic fields will now be described. 40 

Specifically, Fig. 17A shows a vertically record- 
ing magnetic head 10J of auxiliary pole excited 
type comprising a main pole block 15Ji used for 
the recording, a main pole block 15J 2 used for the 
playback, a main pole shield block 16J, an auxiliary 45 
pole shield block 19J and auxiliary poles 23Ji and 
23 J 2 . 

The main pole shield block 16J is box-shaped 
and open toward its bottom, thus defining a recess 
16aJ in which the main pole block 15Ji and the 50 
main pole block 15J 2 which are used for the re- 
cording and the playback operation, respectively, 
are disposed. An adhesive 27 J such as epoxy 
resin, water glass or the like fills clearances be- 
tween the main pole shield block 16J and the main 55 
pole blocks 15Ji and 15J2, thus providing an in- 
tegral construction for the main pole. The both 
main pole blocks 15J 1( 15J 2 include blocks 14Ji, 



14J 2 of a magnetizable material, respectively, 
which are embedded in the recess 16aJ formed in 
the shield block 16J, which blocks are formed of a 
high permeability material such as manganese zinc 
ferrite, nickel zinc ferrite or the like as is the main 
pole shield block 16J. The lower end face of the 
block 14Ji has a main pole film 11Ji cemented 
thereto, which is laterally held between a pair of 
main pole sandwich members 12Ji, 13Ji which 
may comprise "crystallized glass, non-magnetic fer- 
rite or the like. The main pole film 11Ji is formed 
of a magnetically soft material which has a high 
saturation flux density. Similarly, the lower end face 
of the block 12 has a main pole film 12J 2 ce- 
mented thereto, which comprises a magnetically 
soft film exhibiting a high initial permeability, with 
the film 11J 2 being laterally held between a pair of 
main pole sandwich members 12J 2 , 13J 2 which 
comprises crystallized glass, non-magnetic ferrite 
or the like. It will be noted that the lower surface of 
each of the main pole blocks 15Ji, 15J 2 is pol- 
ished into an arcuate configuration, so that the 
lower end face of each main pole film 11Ji or 11J 2 
is exposed and is coplanar with the lower end 
faces of pads 17J, 18J which are applied to the 
lower end face of the main pole shield block 16J 
toward their outer ends. 

An auxiliary pole shield block 19J is disposed 
in opposing relationship with the main pole con- 
structed in the manner mentioned above, with the 
magnetic record medium 4 interposed there- 
between. The shield block 19J comprises the same 
high permeability material as used for the main 
pole shield block 16J and the blocks 14Ji, 14J 2 . A 
pair of auxiliary poles 22Ji , 22J 2 formed of a 
material such as a ferrite and in the form of a pillar 
of a reduced length are either cemented to or 
integrally formed with the upper surface of the 
shield block 1 9J at locations which are opposite to 
the main pole film 11Ji for the recording main pole 
block 15Ji and the main pole film 11J 2 for the 
playback main pole block 15J 2 , respectively. A pair 
of windings 24Ji , 24J 2 are disposed around the 
auxiliary poles 22Ji , 22J 2 , respectively, thus con- 
stituting a pair of auxiliary poles 23 J1, 23J 2 . It will 
be seen that a pair of pads 20 J, 21J are cemented 
to the upper surface of the shield block 19J toward 
the opposite ends thereof. 

In use, when a recording operation is to be 
performed using the head 10J, a recording signal 
is passed through the winding 24Ji, while a 
playback signal is derived from the winding 24J 2 
when a playback operation is to be performed. 

When a recording signal is passed through the 
winding 24Ji, a magnetic field is developed which 
creates a path for magnetic flux indicated by refer- 
ence character 25 J 1 across the recording auxiliary 
pole 23Ji and the main pole film 11Ji, as indicated 
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in Fig. 17B. During the playback operation, a mag- 
netic field is developed which creates a path 25J 2 
for magnetic flux across the playback auxiliary pole 
23 J 2 and the main pole film 11J 2 . If an external 
magnetic field, indicated by a solid arrow Y, is 5 
applied in a direction perpendicular to the record 
medium 4 during such process, namely, during the 
recording operation or subsequent thereto or dur- 
ing the playback operation, such field will create a 
path 26 J for a magnetic flux which passes through io 
the interior of the main pole shield block 1 6J, the 
record medium 4 and the auxiliary pole shield 
block 19J and thence the flux is dissipated into air 
from the shield block 19J. In other words, such 
external field is completely separated from the in- 75 
ternal field or either the recording field or the 
playback field, thus preventing its influence upon 
the internal field. Accordingly, the magnetic head 
10J is again capable of effectively preventing any 
reduction in the recording/playback level which is 20 
attributable to the presence of an external field or 
prevening a reduction in the recorded level in the 
medium if the magnetic head is brought close to or 
into sliding contact with the recorded medium. 
Since both the recording main pole block 15Ji and 25 
the playback main pole block 15J 2 are internally 
housed within the main pole shield block 16J to 
provide a single head of a reduced size and weight 
which is capable of performing both a recording 
and a playback operation, the head access re- 30 
sponse is improved over a construction in which a 
separate main pole shield block is associated with 
each main pole block, thus enabling a high speed 
head access. 

Fig. 18A shows a vertically recording magnetic 35 
head 10K of main pole excited type, comprising a 
recording main pole block 15Ki, a playback main 
pole block 15K2, a main pole shield block 16Kand 
a pad mounting shield block 32K. 

The recording main pole block 15Ki comprises 40 
a block 14Ki of a magnetizable material, a main 
pole film 11Ki and a pair of main pole sandwich 
members 12Ki, 13Ki. Thus, the block 14K n com- 
prises a high permeability material such as ferrite 
and is parallelpiped in configuration and has a 45 
recess formed centrally in the lower surface there- 
of. A projection is formed substantially centrally in 
the recess, and a winding 24Ki is disposed around 
it. The upper end face of the main pole film 11 Ki is 
cemented to the projection, and the upper end so 
faces of the main pole sandwich members 12Ki, 
1 3Ki which bear against the opposite lateral sides 
of the main pole film 11 K1 are cemented to the 
lower surface of the block 14Ki . 

The playback main pole block 15K2 is con- 55 
structed in the similar manner as the recording 
main pole block 15Ki , and comprises a block MK2 
of a magnetizable material, a main pole film 11 K2 



and a pair of main pole sandwich members 12K2, 
13K2. A winding 24K2 is disposed around a projec- 
tion which is formed centrally on the lower surface 
of the block 14K2. 

The recording main poke block 15Ki and the 
playback main pole block 15K2 are disposed, side 
by side, within a recess 1 6aK formed in the main 
pole shield block 16K which comprises a high 
permeability material so as to be surrounded there- 
by, with clearances therebetween being filled with 
an adhesive to provide an integral construction for 
the both main pole blocks 15Ki, 15K2 and the main 
pole shield block 16K. As shown, a pair of pads 
17K, 18K are cemented to the lower end face of 
the main pole shield block 16K adjacent to its 
opposite ends. 

A pad mounting shield block 32K is disposed 
below the both blocks 15Ki, 15K2, and comprises 
the same material as that used to construct the 
main pole shield block 16K and the blocks 15Ki, 
15K2. The shield block 32K is in the form of a 
rectangular plate, and is centrally formed with a 
raised portion 32aK so as to correspond to the 
region of the blocks 15Ki, 15K2. A pair of pads 
20K, 21 K which are semi-cylindrical in cross sec- 
tion, are cemented to the upper surface of the 
mounting shield block 32K adjacent to its opposite 
ends. 

When the head 10K is used to perform a 
recording or playback operation, if an external field 
is applied in a direction indicated by a solid arrow 
Y as shown in Fig. 18B, the recording/playback 
magnetic paths as indicated by characters 25Ki, 
25K2 are completely separated from the path 26K 
of the external field, thus effectively preventing any 
problems which may otherwise occur due to the 
application of the external field, generally in the 
similar manner as with the magnetic head 10J. 

In the magnetic head 10K , the recording main 
pole block 15Ki and the playback main pole block 
15K2 are also internally housed within the single 
main pole shield block 16K to be formed into an 
integral construction, providing a vertically record- 
ing magnetic head having a reduced size and 
weight which is capable of a recording and 
playback operation. The main pole films 11Ki, 
1 1 K2 for the main pole blocks 1 5Ki , 1 5K2 can be 
formed of materials which are chosen to provide an 
optimum performance for the recording and 
playback operation, respectively. 

Another embodiment will now be described in 
which a main pole block can be moved into contact 
with or away from a magnetic record medium by 
means of an actuator. Specifically, Fig. 19A shows 
a vertically recording magnetic head 10L of auxil- 
iary pole excited type having a pair of main pole 
blocks 15Li, 15U which can be brought into con- 
tact or away from the magnetic record medium 4 
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by means of a pair of actuators 45, 46. Specifically, 
the head 10L includes a main pole shield block 16L 
of a high permeability material in which a recess 
16aL is formed to permit a recording main pole 
block 15U and a playback main pole block 151-2 to 
be disposed therein. These main pole blocks 15Li, 
15U include blocks 14Li, 14U?, respectively, of a 
magnetizable material, the upper end face of which 
is secured to the bottom surface of the recess 
16aL through the actuator 45 or 46 interposed 
therebetween. Each of the actuators 45, 46 com- 
prises a laminated piezoelectric element. A pair of 
pads 17L, 18L are cemented to the lower end face 
of the main pole shield block 16L for sliding con- 
tact with the record medium 4. 

An auxiliary pole shield block 19L is disposed 
below the main pole shield block 16L and carries a 
pair of auxiliary poles 23Li, 23U (see Rg. 19B) 
and a pair of pads 20L, 21 L on its upper surface. 
The auxiliary poles 23U, 23U comprise windings 
24l_i, 24U disposed around auxiliary pole mem- 
bers 22Li. 221.2, and are disposed in opposing 
relationship with the pair of main pole films 11 Li, 
11U which are disposed on the lower end of the 
main pole blocks 15Li, 15L2 and held between 
pairs of sandwich members 12U, 13U and 12l_2, 
13U, respectively. The main pole film 1 1 Li may 
comprise a magnetically soft film which exhibits a 
high saturation flux density while the main pole film 
111-2 is formed of a magnetically soft film which 
exhibits a high initial permeability. The lower end 
face of each of the main pole films 11Li, HL2 is 
disposed so as to be recessed relatively to the 
lower end face of the pads 17L, 18L. The purpose 
of disposing the main pole films recessed relative 
to the pads 17L, 18L is to enable either one of the 
recording or the playback main pole block to be 
selectively brought into sliding contact with the 
record medium, by actuating one of the actuators 
45 and 46 while maintaining the other deactuated 
so as to prevent the associated main pole film from 
moving into sliding contact with the record me- 
dium. 

A magnetic recording or playback operation 
which takes place by using the head 10L will now 
be described. Initially considering a recording op- 
eration, a given voltage is applied to the actuator 
45 from a control circuit, not shown, to enable the 
actuator 45 to extend until the end face of the main 
pole film 11Li is brought into sliding contact with 
the record medium 4. At this time, the opposite 
surfaces of the record medium 4 are held between 
the pairs of pads 17L, 18L and 20L, 21 L across the 
main pole shield block 16L and the auxiliary pole 
shield block 19L while allowing the record medium 
to run in the direction indicatd by an arrow X in 
sliding contact with the recording main pole film 
1 1 Li alone. It will be noted that during a recording 



operation, the playback main pole film HL2 re- 
mains at its position indicated in Fig. 19A, and is 
held apart from the record medium 4. 

When a recording signal is passed through the 
5 winding 24Li, a magnetic field is developed as 
shown in Fig. 19B which creates a path for mag- 
netic flux, indicated by reference character 25Li, 
across the auxiliary pole 23Li and the main pole 
film 11 Li which are associated with the recording 

10 operation. If an external magnetic field is applied to 
the record medium 4 in a direction perpendicular 
thereto, as indicated by a solid arrow Y during such 
recording operation or subsequent to the comple- 
tion of the recording operation, such external field 

75 follows paths 26L, and extends through the main 
pole shield block 16L and passes through the 
record medium 4 in a distributed form to reach the 
auxiliary pole shield block 19L, whereupon it is 
released into the air. 

20 During a playback operation, a given voltage is 

applied to the other actuator 46 to cause it extend, 
thus bringing the playback main pole film 1 1 U into 
sliding contact with the record medium 4. During 
the playback operation, a reproduced magnetic 

25 field is free from influences of the external mag- 
netic field in the similar manner as during the 
recording operation. 

A modification in which the described vertically 
recording magnetic head is constructed as main 

30 pole excited type will now be described. Specifi- 
cally, Fig. 20A shows a vertically recording mag- 
netic head 1 0M of main pole excited type including 
a main pole shield block 16M having a recess 
1 6aM, on the bottom surface of which are disposed 

35 a pair of main pole blocks 15Mi and 15M2, asso- 
ciated with a recording and a playback operation, 
respectively, with a pair of actuators 45M, 46M 
interposed therebetween. Each of these blocks 
15Mi, 15M2 includes a block 14Mi or 14M 2 of a 

40 magnetizable material having a projection on its 
lower end face around which a winding 24Mi or 
24M2 is disposed. A main pole film 11Mi or HM2 
is secured to the lower end face of the block 14Mi 
or 14M 2 , and is laterally held between a pair of 

45 main pole sandwich members 12Mi, 13Mi or 
12M 2 , 13M 2 . 

A pad mounting shield block 32M is disposed 
below the main pole shield block 16M, and is 
formed of the same material as that used to con- 

50 struct the auxiliary pole shield block 19L (see Fig. 
19A) in the form of rectangular plate. The block 
32M is centrally formed with a raised portion 32aM 
which covers the region of the blocks 14Mi, 14M 2 
while a pair of pads 20M, 21 M are cemented 

55 thereto to the upper surface thereof adjacent to the 
opposite ends. 

In use, the magnetic head 10M is operated in 
the similar manner as before. Thus, the actuator 

15 
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45 M is actuated for a recording operation. During 
such recording operation, a recording magnetic 
path 25Mi is completely separated from the path 
of any external magnetic field 26M, effectively pre- 
venting any problems attributable to the presence 
of an external magnetic field, as described above. 
During the playback operation, the actuator 46M is 
actuated to bring the playback main pole film 11M 2 
into sliding contact with the record medium 4. 
Again, the playback operation is free from influ- 
ences of any external magnetic field. 

It will be seen that in the vertically recording 
magnetic heads 1£L and 10M , only one of the 
recording main pole block 15Li or 15Mi and the 
playback main pole block 15U or 15M 2 is brought 
into contact with the record medium, so that it is 
possible to prevent a magnetic field developed in 
the main pole block 15Li, 15Mi or 15l_2, 15M 2 
from influencing upon the other main pole block. 
Alternatively, one of the actuators which is not 
associated with the recording or the playback op- 
eration being intended, thus, the playback main 
pole block 15L2 or 15M 2 when the recording opera- 
tion is intended or the recording main pole block 
15U or 15Mi when the playback operation is in- 
tended, may be applied with a voltage of the op- 
posite polarity from that used to actuate the in- 
tended actuator so as to retract the corresponding 
actuator to maintain the main pole block 15U>, 
15M 2 or 15Li, 15Mi completely separated from the 
record medium 4. It is preferred that the main pole 
which is not in use be spaced from the surface of a 
magnetic layer of the record medium 4 by a dis- 
tance equal to or greater than 10 am, for example. 

In the embodiments illustrated in Figs. 17A to 
20A, a pair of main pole blocks associated with a 
recording and a playback operation are surrounded 
within the main pole shield block, but it should be 
understood that the vertically recording magnetic 
head of the invention may comprise three or more 
main pole blocks which are disposed in the recess 
formed in the main pole shield block. 

A fine adjustment of a main pole block dis- 
posed in a main pole shield block by means of an 
actuator will now be described. Fig. 21 shows a 
vertically recording magnetic head ION of main 
pole excited type which permits a tilting adjustment 
for a main pole. Specifically, the head 10N includes 
a main pole shield block 16N having a recess 16aN 
formed therein, on the bottom surface of which is 
mounted a recording main pole block 15N with a 
pair of actuators 45N, 46N interposed there- 
between. A winding 24N is disposed on the block 
15N. Assuming that the record medium 4 is run- 
ning in a direction indicated by an arrow X during 
the playback operation, a resulting playback signal 
is detected by suitable means. A control circuit, not 
shown, develops a control voltage based on the 



result of detection, and applies it to the actuator 
45N or 46N. Accordingly, the actuators 45N, 46N 
may be extended or retracted by an amount 51 or 
62, thus allowing the angle of the main pole film 

5 11N relative to the record medium 4 to be ad- 
justed. The head ION also guards the path of 
internal magnetic field which is associated with 
either recording or playback operation against any 
external magnetic field applied, generally in the 

w similar manner as mentioned above. 

A tracking adjustment can also be achieved. 
Specifically, Fig. 22 shows a vertically recording 
magnetic head 10P which permits such adjustment. 
The head 10P includes a main pole shield block 

75 16P having a recess 16aP formed therein, with a 
pair of actuators 45P, 46P mounted on the opposite 
or lateral wall surfaces of the recess 16aP. A main 
pole block 15P is held sandwiched between the 
pair of actuators 45P, 46P. A main pole film 11P 

20 having a rounded form is defined on the lower end 
face of the main pole block 15P. and a shield block 
32P is disposed below the main pole film 11 P. The 
record medium 4 runs in a direction moving into 
the plane of the drawing, as indicated by a mark 

25 Xo. 

When a tracking adjustment is to be made, 
control voltages from a control circuit, not shown, 
are applied to the actuators 45P, 46P to move the 
main pole block 15P in a direction indicated by an 
30 arrow Z which is perpendicular to the running di- 
rection Xo and in a plane parallel to the surface of 
the record medium 4, thus bringing the main pole 
film 11P into abutment against a desired track 
position. 

35 Fig. 23 shows a vertically recording magnetic 

head 10Q which permits an azimuth adjustment, as 
viewed from the side of the record medium 4. As 
shown, it includes a main pole shield block 16Q 
having a recess 16aQ formed therein. A main pole 

40 block 15Q is mounted within the recess 16aQ by 
utilizing four actuators 45Qi, 45Q2, 46Qi , 460b. 
Thus, the pair of actuators 45Qi , 45Q 2 are inter- 
posed between one sidewall of the recess 16aQ 
and the main pole block 15Q while the other pair of 

45 actuators 46Qi, 46Cb are interposed between the 
other sidewall of the recess l6aQ and the main 
pole block 15Q. 

When an azimuth adjustment of the head 10Q 
is to be made, a reproduced output which is de- 

50 tected through the main pole film 11Q may be 
derived as the record medium 4 runs in a direction 
indicated by an arrow X, and such output may be 
suitably processed to develop voltages applied to 
the actuators 45Qi to 46Q 2 which cause these 

55 actuators to extend or retract in a suitable manner. 
While four actuators are used in this embodiment, 
a diagonal pair of actuators such as actuators 45Qi 
and 46Q 2 may be used alone. 

16 
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In the embodiments shown In Figs. 19A and 
20A, the pair of main pole blocks disposed within 
the main pole shield block have been selectively 
brought into sliding contact with or away from the 
record medium 4 during the recording and the 
playback operation, by means of the actuators as- 
sociated with the respective main poles. However, 
a switching between the recording and the 
playback main pole can be achieved in a different 
manner. Specifically, Fig. 24A shows a vertically 
recording magnetic head 10R of auxiliary pole ex- 
cited type which permits such switching operation. 
The head 10R comprises a support substrate 50 
carrying a recording main pole 1 1 Ri and a 
playback main pole HR2 thereon, a main pole 
shield block 16R and an auxiliary pole shield block 
19R. 

The support substrate 50 is rotatably supported 
by a rotary shaft 50a, and the main pole shield 
block 16R has an inner peripheral wall surrounding 
the support substrate 50 and which is defined so 
as to conform a circular track described by the 
main pole 11Ri and 11R 2 as the substrate 50 
rotates. 

The support substrate 50 is formed of a non- 
magnetic and non-abradable material such as non- 
magnetic ferrite. ceramic or the like and has an 
elongate configuration. The main poles 11Ri and 
HR2 each comprises a "magnetically soft film 
which is secured to the opposite ends of the sub- 
strate 50, which are angularly displaced 1 80 • from 
each other on the opposite sides of the rotary shaft 
50a. The magnetically soft film for the recording 
main pole 1 1 R1 exhibits a high saturation flux den- 
sity for purpose of recording while the playback 
main pole 1 1 R2 comprises a magnetically soft film 
which exhibits a high initial permeability for im- 
proved playback efficiency. It will be noted that the 
support substrate 50 which carries the pair of main 
poles 1 1 R1 , 1 1 R2 is disposed so as to be rotatable 
in a plane which is perpendicular to the surface of 
the record medium 4. During the recording opera- 
tion, the main pole 11Ri is brought into contact 
with the surface of a vertically recording layer 4c of 
the record medium 4, as shown, so as to be 
located opposite to an auxiliary pole 23 R, which 
will be described later. During the playback opera- 
tion, the main pole HR2 is brought into contact 
with the surface of the recording layer 4c of the 
record medium 4 so as to be located opposite to 
the auxiliary pole 23R. In this manner, the support 
plate 50 is rotated through 180* between the re- 
cording and the playback operation. 

The main pole shield block 16R is formed of a 
high permeability material such as manganese zinc 
ferrite, nickel zinc ferrite or the like, and is gen- 
erally in the form of a thick, rectangular plate. An 
opening 16aR having a diameter which is slightly 



greater than the length of the support substrate 50 
is formed in the block 16R, slightly offset down- 
ward from the center thereof. The lower end of the 
opening 16aR defines an opening 16aoR which is 

5 substantially square-shaped. The rotary shaft 50a 
on which the support substrate 50 is mounted is 
disposed in alignment with the center of the open- 
ing 16aR, whereby it can be rotated smoothly in a 
direction indicated by a circulating arrow B. In this 

to manner, the opening 16aR defines a wall which 
surrounds a locus of rotation of the main poles 
11Ri and HR2. A pair of pads 17R and 18R, which 
are semi-cylindrical in section and which are 
formed of a lubricating material such as vitreous 

15 carbon are cemented to the lower surface of the 
shield block 16R adjacent to the opposite ends 
thereof. 

An auxiliary pole shield block 19R is disposed 
below the main pole shield block 16R and is 

20 spaced therefrom so as to allow the record me- 
dium 4 to be interposed therebetween. The block 
19R is formed of the similar material as that used 
to construct the main pole shield block 16R, and 
has a depth which substantially corresponds to the 

25 thickness of the shield block 16R. An auxiliary pole 
23R is defined substantially on the center of the 
upper surface of the auxiliary pole shield block 
19R, and comprises a winding 24R disposed ar- 
ound an auxiliary pole member 22R which is in the 

30 form of a square pillar having a reduced length. In 
this manner, the auxiliary pole 23R is disposed 
opposite to either the main pole 11Ri or HR2 
through the interposed record medium 4. A pair of 
pads 20R, 21 R, which are semi-cylindrical in sec- 

36 tion and formed of a lubricating material such as 
vitreous carbon, are cemented to the upper surface 
of the auxiliary pole shield block 19R adjacent to 
its opposite ends. 

In use, when a recording operation is to be 

40 performed with the head 10R, the main pole 11Ri 
is brought to its lower position, as shown in Fig. 
24A, so that the main pole 1 1 R1 is in contact with 
the surface of the magnetic layer 4c of the record 
medium 4, and a recording signal current is passed 

45 through the winding 24R. In response to the current 
flow, the auxiliary pole 23R develops a magnetic 
field which magnetizes the main pole 11Ri, pro- 
ducing a sharply defined vertical field at its edge, 
causing the magnetic layer 4c of the record me- 

50 dium 4 to be magnetized in the vertical direction. In 
this manner, the record medium 4 is recorded as it 
runs in a direction indicated by an arrow X. 

During the playback operation, the support 
substrate 50 is rotated through 180° from the 

55 position used during the recording operation, thus 
bringing the main pole HR2 to its lower position 
where it is in contact with the record medium 4. As 
the record medium 4 runs horizontally in the direc- 
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tion of the arrow X, a magnetic field which is 
developed by the vertical magnetization contained 
in the record medium 4 is effective to magnetize 
the playback main pole 1 1 R2 , and a change in the 
magnetization of the main pole HR2 induces a 
voltage which is derived from the winding 24R to 
provide a playback signal. In this manner, a good 
magnetic recording and playback response can be 
obtained with the head 10R . As the record medium 
4 runs, the upper and lower surfaces of the record 
medium 4 are held in abutting relationship with the 
pads 17R, 18R, 20R, 21 R, thus maintaining an 
optimum pressure of sliding contact from either 
main pole 11Ri or 11 R 2 . 

When the magnetic recording operation takes 
place with the head 10R of auxiliary pole excited 
type, a magnetic field developed by the auxiliry 
pole 23R and the main pole 11Ri will be shaped 
as a pair of narrow ellipses, as indicated by refer- 
ence character 25R in Fig. 24B. If an external 
magnetic field (as indicated by a solid arrow Y) is 
applied to the record medium 4 in a direction 
perpendicular thereto either during or subsequent 
to the recording operation, such external field fol- 
lows paths 26R, thus proceeding downward as 
divided into lateral halves through the main pole 
shield block 16R, through the record medium 4 to 
the auxiliary pole shield block 19R, from the bot- 
tom surface of which it is released into the air. In 
this manner, the internal field indicated by the 
character 25R is completely separated from the 
external field indicated by the character 26R, in the 
similar manner as mentioned above, preventing 
any influence of the external field upon the internal 
field. 

Fig. 25 shows a vertically recording magnetic 
head 10S of main pole excited type which repre- 
sents a modification of the immediately preceding 
embodiment for enhanced shielding effect. Specifi- 
cally, the head 10S includes a main pole shield 
block 16S having an opening 16aS formed therein 
in which a support substrate 50S carrying a record- 
ing main pole 11Si and a playback main pole HS2 
is disposed. A recording winding 24Si is disposed 
around the main pole 11Si while a playback wind- 
ing 24S2 is disposed around the main pole 11 S 2 . A 
pair of shield blocks 51, 52 are cemented to the 
opposite surfaces of the main pole shield block 
16S. These shield blocks 51, 52 are formed of a 
high permeability material which is similar to that 
used to construct the main pole shield block 16S, 
and have a length, a width and a thickness which 
are identical to those of the shield block 16S. As a 
result of cementing the shield blocks 51 , 52 to the 
shield block 16S, the opening 16aS is blocked on 
both the front and the rear side, only leaving the 
bottom opening 16aoS. The support substrate SOS 
is mounted on a rotary shaft 50aS, the opposite 



ends of which are rotatably journal led in the shield 
blocks 51, 52. 

A pad mounting shield block 32S is disposed 
below the main pole shield block 16S with the 

5 record medium 4 interposed therebetween so as to 
be located opposite to the opening 16aoS. The 
material for the shield block 32S is the same as the 
high permeability material used for the main pole 
shield block 16S, and the block 32S has a length 

10 as measured in the direction of the arrow X and a 
thickness which are substantially equal to those of 
the auxiliary pole shield block 19R (see Fig. 24A). 
The depth of the shield block 32S is substantially 
equal to the combination of the thicknesses of the 

75 three shield blocks 16S, 51, 52. In a region op- 
posite to either the main pole 1 1 Si or HS2, the 
upper surface of the pad mounting shield block 
32S is formed with a raised portion 32aS. 

The operation of the head 10S is similar to that 

20 of the head 10R mentioned above in connection 
with Fig. 24A except for the difference of the head 
construction that the head 10S is of main pole 
excited type while the head 10R~is of auxiliary pole 
excited type. Accordingly, a detailed description is 

25 omitted. 

If an external magnetic field is applied to the 
head 10S during the recording or the playback 
operation, there is obtained a shielding effect which 
is excellent over that of the head 10R since the 

30 main poles 11 Si, HS2 are substantially confined 
within the shield blocks 16S, 51, 52 and 32S. 

In each embodiment described, the magnetic 
head is either a recording head or a playback 
head, or a combined recording/playback head, but 

35 there has been made no reference to an erasure 
head. Generally, it is a conventional practice to 
pass a d.c. current through a given coil to develop 
a magnetic field which is effective to erase a re- 
corded region. The magnetic field developed obvi- 

40 ously acts as an external magnetic field, referred to 
above, and may have an adverse influence upon a 
recording or playback signal. It is also possible that 
an erased track may be influenced by the record- 
ing or playback head. In accordance with the inven- 
ts tion, there is provided a vertically recording mag- 
netic head which avoids an adverse influence of a 
leakage flux from an erasure head upon a record- 
ing or a playback signal and which prevents an 
undesirable signal from being recorded in an 

50 erased track as a result of a crosstalk from the 
recording/playback head. 

Specifically, Fig. 26A shows a vertically record- 
ing magnetic head WT of auxiliary pole excited 
type including a main pole shield block 16T having 

55 a recess 1 6aT formed therein in which a combined 
recording/playback mail pole block 15T is secured 
by filling a clearance therebetween with an adhe- 
sive 27T such as epoxy resin. The main pole block 
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15T includes a block 14T of a high permeability 
material such as manganese zinc ferrite, nickel zinc 
ferrite or the like in the similar manner as men- 
tioned above, and the main pole shield block 16T 
is also formed of a high permeability material such 
as manganese zinc ferrite or the like. 

A main pole film 11T of a magnetically soft 
material which exhibits a high saturation flux den- 
sity, for example, is cemented to the lower end 
face of the block 1 4T and is laterally held between 
a pair of main pole sandwich members 12T, 13T 
which comprises a crystallized glass, non-magentic 
ferrite or the like. The lower surface of the main 
pole block 15T is polished into an arcuate configu- 
ration, exposing the lower end face of the main 
pole film 11T. It is to be understood that the lower 
end face of the main pole film 11 T lies in the same 
plane as a pair of pads 17T, 18T which are ce- 
mented to the lower end face of the main pole 
shield block 16T adjacent to the outer ends, the 
pads being semi-cylindrical in section and formed 
of a lubricating material such as vitreous carbon. 

An arm 16cT extends laterally from one 
sjdewall of the main pole shield block 16T, and an 
erasure head 53 is mounted on the lower surface 
of the arm 16cT with an actuator 54, comprising a 
piezoelectric element, interposed therebetween. 
The lower end face of the erasure head 53 is 
formed into a rounded configuration, and the lower 
end face is normally located slightly above the 
lower end face of the pads 17T, 18T, preventing its 
sliding contact with the record medium 4. However, 
when a given voltage is applied to the actuator 54, 
it extends downward, bringing the lower end face 
of the erasure head 53 into sliding contact with the 
record medium 4. 

An auxiliary pole shield block 19T is disposed 
in opposing relationship with and spaced from by 
the record medium 4 from the main pole shield 
block 16T which is integral with and surrounds the 
main pole block 15T. The auxiliary pole shield 
block 19T is formed of the same high permeability 
material as used for the main pole shield block 
16T. An auxiliary pole 23T is formed on the upper 
surface of the auxiliary pole shield block 19T at a 
location opposite to the main pole film 11T, and 
comprises an auxiliary pole member 22T formed of 
a material such as a ferrite in the form of a square 
pillar of a reduced length and around which a 
winding 24T is disposed. A pair of pads 20T, 21 T, 
which are semi-cylindrical in cross section and 
which are formed of the same material as the pads 
17T, 1ST, are cemented to the upper surface of the 
shield block 19T adjacent to its opposite ends. 

A magnetic recording/playback operation which 
takes place with the vertically recording magentic 
head 10T of auxiliary pole excited type will be 
described. During a recording operation, the record 



medium 4 runs in a direction indicated by an arrow 
X, in sliding contact with the main pole film 11T. 
When a recording signal is applied to the winding 
24T from a signal generator, not shown, a sharply 

5 defined magnetic field is developed across the 
auxiliary pole 23T and the main pole film 11T, thus 
performing a magnetic recording in the record me- 
dium 4. During a playback operation, a sharply 
defined magnetic field which is developed across 

io the main pole film 11T and the record medium 4 
can be derived by the winding 24T and then sub- 
ject to a suitable processing. 

When a signal which is once recorded is to be 
erased, a given voltage is applied to the actuator 

is 54, thus bringing the lower end face of the erasure 
head 53 into sliding contact with the record me- 
dium 4. After accessing the head to a desired track 
which is to be erased, an erase signal may be 
applied to a winding (not shown) on the erasure 

20 head 53, thus erasing the intended track. 

As shown in Fig. 26 B, during the erasure pro- 
cess, the erasure head 53 produces a leakage flux, 
which flux is dispersed by the main pole shield 
block 16T and the auxiliary pole shield block 19T 

25 in a manner indicated by numerals 55, 56, thus 
preventing its influence upon the main pole block 
15T. 

On the contrary, it will be noted that an unin- 
tended recording of an erased track as a result of a 

30 crosstalk occurring from the main pole block 15T is 
avoided, because the main pole block 15T is sur- 
rounded by the main pole shield block 16T and the 
auxiliary pole shield block 19T, which are effective 
to prevent an external leakage of flux which may 

35 give rise to a crosstalk. 

The vertically recording magnetic head 10T is 
of auxiliary pole excited type, but it may be modi- 
fied into a head of main pole excited type as 
shown in Fig. 27. The magnetic head 10U shown in 

ao Fig. 27 comprises a main pole shield block 16U 
having a recess 16aU in which a combined 
record/playback main pole block 15U is adhesively 
secured therein as by an adhesive 27U such as 
epoxy resin. The main pole block 15U includes a 

45 block 14U of a magnetizable material having a high 
permeability such as manganese zinc ferrite, nickel 
zinc ferrite or the like, which is centrally formed 
with a projection on its lower end face around 
which a winding 24U is disposed. A main pole film 

so 1 1 U of a magnetically soft material which exhibits a 
high initial permeability is cemented to the lower 
end face of the block 14U and is held between a 
pair of main pole sandwich members 12U, 13U. 
A pad mounting shield block 32U is disposed 

55 below the main pole block 15U, and is in the form 
of a rectangular plate and is formed of the same 
material as that used for the main pole block 15U 
and the main pole shield block 16U. A raised 

19 



343 



Page 20 of 54 



35 



EP 0 202 343 B1 



36 



portion 32aU is formed centrally on the upper sur- 
face of the shield block 32U, and a pair of pads 
20U, 21 U are cemented to the upper surface of the 
shield block 32U adjacent to its opposite ends so 
as to be opposite to the pads 17U, 18U disposed 
on the lower surface of the main pole shield block 
16U with the record medium 4 interposed there- 
between. 

An arm 16cU extends from one lateral wall of 
the main pole shield block 16U, and an erasure 
head 53U is mounted on the lower surface of the 
arm 16cU with an actuator 54 interposed there- 
between. 

It will be seen that the magnetic medium 4 
runs between the overall lower surface defined by 
the lower end faces of the main pole block 15U 
and the main pole shield block 16U on one hand 
and the upper surface of the pad mounting shield 
block 32U including the raised portion 32all on the 
other hand while maintaining its abutting relation- 
ship with the pads 17U, 18U and the pads 20U, 
21 U located on the opposite sides thereof. 

When the magnetic head 10U j S used to per- 
form a magnetic recording or "playback operation, 
the record medium 4 is run in a direction indicated 
by an arrow X in sliding contact with the main pole 
film 1 1 U. with concommittant recording or playback 
operation. 

When an erasure is desired, a given voltage 
may be applied to the actuator 54, in the similar 
manner as in the embodiment shown in Fig. 26A, 
thus moving the erasure 53U so that its lower end 
face is in sliding contact with the record medium 4 
while accessing a desired track for which an era- 
sure is desired, and while simultaneously applying 
an erase signal. As mentioned previously, any ad- 
verse influence of a magnetic field emanating from 
the erasure head 53U upon the main pole block 
15U is avoided. 

In the embodiments shown in Figs. 26A and 
27, the combined record/playback main pole is 
fixedly embedded in a recess formed in the main 
pole shield block, but it should be understood that 
one or more main poles, which are used for record- 
ing or playback operation devotedly, may be sepa- 
rately disposed within the recess. 

With a vertically recording magnetic head of 
auxiliary pole excited type which is constructed in 
accordance with the invention, an auxiliary pole 
member around which a winding is disposed is 
integrally formed on an auxiliary pole shield block 
which comprises a high permeability material. How- 
ever, the manufacturing or machining of the auxil- 
iary pole member may be difficult as is the disposi- 
tion of the winding around it. In addition, an in- 
creased magnitude of magnetic coupling between 
the auxiliary pole member and the auxiliary pole 
shield block may cause any external magnetic field 
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which passes into the auxiliary pole shield block 
from the main pole shield block may also find its 
way into the auxiliary pole member, thus causing 
an adverse influence upon the record/playback op- 
eration. In addition, the magnetic coupling between 
the auxiliary pole member and the auxiliary pole 
shield block may cause an increase in the induc- 
tance of the auxiliary pole as a result of the con- 
tribution of the auxiliary pole shield block, in addi- 
tion to the winding. An increased inductance for a 
given number of winding turns may increase a 
loading upon a preamplifier which is connected to 
the magnetic head. Accordingly, the invention pro- 
vides a vertically recording magnetic head of auxil- 
iary pole excited type which facilitates the manu- 
facture or machining of an auxiliary pole and the 
disposition of a winding thereon, which prevents an 
external magnetic field from finding its way into the 
auxiliary pole member and which prevents an in- 
crease in the inductance of the auxiliary pole. 

Figs. 28A, 28B and 28C show such a magnetic 
head 10V of auxiliary pole excited type comprising 
a main pole block 15V, a main pole shield block 
16V, an auxiliary pole shiled block 19V and an 
auxiliary pole member 22V. 

The main pole block 15V comprises a main 
pole film 11V formed of one of amorphous mag- 
netic metals as described above in connection with 
the previous embodiments, a pair of main pole 
sandwich members 12V, 13V formed of crystallized 
glass, non-magnetic ferrite or the like and between 
which the both lateral sides of the main pole film 
11V is held, and a block 14V of a magnetizable 
material exhibiting a high permeability such as 
manganese zinc ferrite, nickel zinc ferrite or the 
like and having a lower surface which is cemented 
to the top ends of the main pole film 11V and the 
sandwich members 12V, 13V. The lower surface of 
the main pole block 15V is polished into an arcuate 
configuration, exposing the lower end face of the 
main pole film 11V. 

A main pole shield block 16V is formed of the 
same material as the block 14V and is box-shaped 
having a bottom opening. The block 16V has a 
recess 16aV formed therein in which the block 14V 
of the main pole block 15V is housed. A non- 
magnetic adhesive 27V such as epoxy resin, water 
glass or the like fills the clearance between the 
blocks 16V and 16V, thus providing an integral 
construction. A pair of pads 17V, 18V, which are 
semi-cylindrical in cross section and formed of a 
lubricating material such as vitreous carbon are 
cemented to the lower end face of the block 16V 
adjacent its opposite ends. The lower end face of 
the main pole film 11V is disposed to be coplanar 
with the lower end faces of the pads 17V, 18V. 

The auxiliary pole shield block 19V is formed 
of the same high permeability material as that used 
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for the blocks 16V and 14V, and is in the form of a 
slab having a lateral width which is on the order of 
two-thirds the width of the main pole shield block 
16V. A recess 19aV is formed centrally in the 
upper surface of the auxiliary pole shield block 19V 
so as to be located opposite to the lower end face 
of the main pole film 11V, and an auxiliary pole 
member 22V which is formed of a material such as 
ferrite and cylindrical in configuration is disposed 
within the recess 19aV and is fixedly embedded 
therein by means of a non-magnetic adhesive 57 
which is similar to the adhesive 27V mentioned 
above. A winding 24V is disposed around the main 
pole member 22V. It is to be noted that the auxil- 
iary pole member 22V is formed separately from 
the auxiliary pole shield block 19V, and after the 
winding 24V is disposed around the member 22V 
to provide an auxiliary pole 23 V, the latter is then 
embedded within the recess 19aV. In this manner, 
its manufacture as well as the disposition of the 
winding 24V are facilitated as compared with an 
integral construction of the auxiliary pole member 
22V with the auxiliary pole shield block 19V. Since 
the auxiliary pole member 22V is separate from the 
auxiliary pole shield block 19V with the clearance 
therebetween filled with the non-magnetic adhesive 
57, the magnetic coupling between the pole mem- 
ber 22V and the shield block 19V diminishes. A 
pair of pads 20V f 21V which are semi-cylindrical in 
cross section and formed of the same material as 
the pads 17V, 18V are cemented to the upper 
surface of the shield block 19V adjacent to its 
opposite ends. 

The surface of the auxiliary pole shield block 
19V including the auxiliary pole member 23V is 
disposed in opposing relationship with and spaced 
by a suitable air gap from the surface of the main 
pole block 15V including the main pole film 11V as 
well as the lower surface of the main pole shield 
block 16V. The air gap has a very small length, 
thus presenting an increased resistance to an ex- 
ternal magnetic field which attempts to pass there- 
between. The record medium 4 is run through the 
air gap while it maintains abutting relationship with 
the pads 17V, 18V and the pads 20V, 21V which 
are disposed on the opposite sides thereof and in 
sliding contact with the main pole film 11V, in a 
direction indicated by an arrow X. 

When a magnetic recording operation takes 
place with the magnetic head 10V mentioned 
above, a magnetic field developed across the auxil- 
iary pole 23V and the main pole film 11V follows 
paths 25V in the form of a pair of juxtaposed 
narrow ellipses across the auxiliary pole member 
22V and the main pole block 15V, as indicated in 
Fig. 28D. If an external field, indicated by a solid 
arrow Y, is applied to the record medium 4 in a 
direction perpendicular thereto either during or sub- 



sequent to the magnetic recording operation, such 
external field will pass through the interior of the 
main pole shield block 16V along separated paths 
as indicated by reference character 26V, and 
5 passes through the record medium 4 to enter the 
auxiliary pole shield block 19V, from the bottom 
surface of which it is released into the air. Accord- 
ingly, as before, the internal field 25V is completely 
separated from the external field 26V, preventing 

70 any influence of an external field upon the internal 
field. In particular, the magnetic coupling between 
the auxiliary pole member 22V and the auxiliary 
pole shield block 19V is decreased in the magnetic 
head 10V, so that there is no magnetic field pass- 

75 ing through the auxiliary pole shield block 19V 
which finds its way into the auxiliary pole member 
22V, thus substantially eliminating the likelihood 
that such external field may adversely influence 
upon a magnetic field developed across the main 

20 pole block 1 5V and the auxiliary pole member 22V. 
In this manner, a reduction in the 
recording/playback level attributable to the pres- 
ence of an external magnetic field as well as a 
reduction in the recording level which may be 

25 caused when the magnetic head is brought close 
to or in sliding contact with a recorded medium are 
more effectively avoided. Because the auxiliary 
pole member 22V is formed separately from the 
auxiliary pole shield block 19V, it exhibits a re- 

30 duced inductance as compared with the integral 
construction, thus reducing the loading upon a 
preamplifier which is connected to the winding 24V. 

Fig. 29 shows a vertically recording magnetic 
head 10W which represents a modification of the 

35 described embodiment. Specifically, the magnetic 
head 10W is of auxiliary pole excited type, and 
includes a main pole shield block 16W having a 
recess 16aW formed therein. A non-magnetic spac- 
er 28W having a suitable thickness, as used in the 

40 embodiment described above in connection with 
Fig. 13, is disposed on the bottom surface of the 
recess 16aW, thus reducing the magnetic coupling 
between the main pole shield block 16W and a 
main pole block 15W and allowing the distance 

45 through which the lower end of the main block 15W 
projects out of the recess 1 6aW to be determined 
with a higher precision. Similarly, a non-magnetic 
spacer 58 having a suitable thickness is disposed 
on the bottom surface of a recess 1 9aW formed in 

so an auxiliary pole shield block 19W, again reducing 
the magnetic coupling between the shield block 
19W and an auxiliary pole member 22W and allow- 
ing the distance through which the auxiliary pole 
member 22W projects out of the recess 19aW to 

55 be determined with a higher precision. After the 
spacers 28W, 58 are disposed in the manner men- 
tioned above, the clearance between the main pole 
shield block 16W and the main pole block 15W is 
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filled with a non-magnetic adhesive 27W while the 
clearance between the auxiliary pole member 22W 
and the auxiliary pole shield block 19W is filled 
with a non-magnetic adhesive 57W, whereby the 
main pole block 15W and the auxiliary pole mem- 
ber 22W are firmly secured to the main pole shield 
block 16W and the auxiliary pole shield block 19W, 
respectively, as in the embodiment shown in Fig. 
28A. 

In the described embodiments, the main pole 
shield block and the auxiliary pole shield block are 
formed of a solid magnetic material which exhibts a 
high permeability such as ferrite, permalloy or the 
like. However, magnetic fluid may be used to con- 
struct such a shield block. When ferrite or permal- 
loy is used in a machining operation, it will be seen 
that the ferrite exhibits an increased hardness and 
brittleness while the permalloy experiences a mag- 
netic degradation where the material is folded, thus 
requiring a re-annealing. In addition, the ferrite has 
a relatively high value of specific gravity, resulting 
in an increased load upon a motor and an in- 
creased access time. It will therefore be seen that 
the use of a magnetic fluid to construct magnetic 
shield blocks improves the machineability and al- 
lows the specific gravity to be reduced. Such em- 
bodiments will now be described. 

Fig. 30A shows a cross section of a vertically 
recording magnetic head 10X of auxiliary pole ex- 
cited type which utilizes a magnetic fluid. The head 
IPX comprises a combined recording/playback 
main pole block 15X, a main pole shield block 16X, 
an auxiliary pole shield block 19X and an auxiliary 
pole 23X. 

The main pole shield block 16X generally com- 
prises a box-shaped casing 60 having an open 
bottom, a magnetic fluid 61 which is confined with- 
in the casing 60, and pads 17X, 18X. The casing 

60 may be molded from synthetic resin, for exam- 
ple, with a reduced thickness, and magnetic fluid 

61 which comprises iron powder is confined within 
the casing 60 by suitable means. The particles of 
the magnetic fluid 61 may have a relatively large 
diameter, for example, 0.2 urn, and is suspended 
in a solvent such as kerosene, for example, and the 
fluid has a specific gravity on the order of 1.5 to 
2.0. A recess 16aX is defined within the casing 60, 
and the main pole block 15X is fixedly disposed 
therein in an embedded manner. The block 15X 
includes a block 14X of a magnetizable material 
exhibiting a high permeability such as manganese 
zinc ferrite, nickel zinc ferrite or the like, and the 
clearance between the wall of the recess 16aX and 
the main pole shield block 16X is filled with an 
adhesive 27X such as epoxy resin, water glass or 
the like. 

A main pole film 11X formed of a magnetically 
soft material which exhibits a high saturation flux 



density, for example, is cemented to the lower end 
face of the block 14X and is held between a pair of 
main pole sandwich members 12X, 13X which may 
comprise crystallized glass, non-magnetic ferrite or 
5 the like. The lower surface of the main pole block 
15X is polished into an arcuate configuration, ex- 
posing the lower end face of the main pole film 
11X. 

A pair of pads 17X, 18X which are semi-cylin- 
w drical in cross section and formed of a lubricating 
material such as vitreous carbon are cemented to 
the lower end face of the main pole shield block 
16X adjacent to its opposite ends, and the lower 
surfaces of these pads 17X, 18X are adjusted to be 
75 coplanar with the lower end face of the main pole 
film 11X. 

The auxiliary pole shield block 19X is disposed 
in opposing relationship with the main pole defined 
by the main pole shield block 16X surrounding the 

20 main pole block 15X and is spaced therefrom by 
the record medium 4. The block 19X comprises a 
casing 62 which is formed of the same material as 
the casing 60, magnetic fluid 63 confined within the 
casing 62 and pads 20X, 21 X. 

25 The casing 62 is in the form of a parallelpiped 

having a cavity in which magnetic fluid 63 is con- 
fined by suitable means. It is to be noted that the 
magnetic fluid 63 may be of a similar material as 
the magnetic fluid 61. An auxiliary pole member 

30 22X formed of ferrite or the like and in the form of 
a square pillar having a reduced length is ce- 
mented to the upper surface of the casing 62 at a 
location opposite to the main pole film 11X, and a 
winding 24X is disposed around the auxiliary pole 

35 member 22X to define an auxiliary pole 23X. 

The recording/playback operation which takes 
place with the magnetic head 10X is quite similar 
to the operation of the various embodiments de- 
scribed above, and therefore will not be specifically 

40 described. 

Fig. 30B illustrates that if an external field, as 
indicated by a solid arrow Y, is applied during the 
recording operation of the head 10X, a resulting 
flux 26X passes through the magnetic fluid 61 

45 contained in the main pole shield block 16X and 
through the magnetic fluid 63 contained in the 
oppositely located auxiliary pole shield block 19X, 
and thus cannot influence upon a recording field 
shown at 25X. 

so In this embodiment, the casings 60, 62 can be 

molded in a facilitated manner, and hence the 
blocks 16X, 19X may be easily shaped in any 
desired configuration while reducing the weight 
thereof. Accordingly, when the magnetic head 10X 

55 is used in a magnetic recording/playback appara- 
tus, a head access response is improved while 
alleviating a load upon a head accessing servo 
system. 

22 
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Fig. 31 shows a vertically recording magnetic 
head 10Y of main pole excited type which repre- 
sents "a~rhodification of the previous embodiment 
The head 10Y includes a main pole shield block 
16Y which comprises a plurality of deposition 
members 64 for causing magnetic fluid 61 Y to be 
deposited and retained thereon, and a main pale 
block 15Y. The members 64 are generally arranged 
to define a box configuration in which a recess 
16aY is formed. Thus, a plurality of plate members, 
which form the deposition members 64, extend 
radially outward from the region of the recess 1 6aY 
and are spaced apart. Magnetic fluid 61 Y is depos- 
ited on individual plates, and have a viscosity 
which is substantially greater than the viscosity of 
the magnetic fluids 61 X, 63X shown in Fig. 30A so 
that they cannot be easily removed once it is 
deposited. 

The main pole block 15Y includes a block 14Y 
of a magnetizable material which exhibits a high 
permeability, such as manganese zinc ferrite, nick- 
el zinc ferrite or the like. A groove which is in the 
form of an inverted E in cross section is formed in 
the lower end face of the block 14Y, defining a 
projection around which a winding 24Y is disposed. 
A main pole film 11Y formed of a magnetically soft 
material which exhibits a high initial permeability, 
for example, is cemented to the lower end face of 
the block 14Y and is held between a pair of main 
pole sandwich members 12Y, 13Y which comprise 
crystallized glass, non-magnetic ferrite or the like. 

A pad mounting shield block 32Y is disposed 
below the main pole block 15Y, and comprises a 
plurality of deposition members 65 which causes 
magnetic fluid 63 Y to be deposited and retained 
thereon and a pair of pads 20Y, 21 Y. It is to be 
noted that the top ends of the deposition members 
65 define a plane, and a raised portion 32aY is 
defined centrally on the top surface thereof. A 
plurality of plates extend downward from the por- 
tion which defines the top plane at a given spacing, 
and the magnetic fluid 63Y is deposited on these 
plates. The pair of pads 20Y, 21 Y are semi-cylin- 
drical in cross section and are formed of the similar 
material as the pads 17Y, 18Y, and are cemented 
to the upper surface of the deposition members 65 
adjacent to the opposite ends thereof. 

The magnetic head 10Y thus constructed op- 
erates in the similar manner as described above 
during its recording/playback operation. If an exter- 
nal magnetic field is applied during the recording 
operation of the head 10Y , the resulting flux passes 
through the magnetic fluid 61 Y contained in the 
main pole shield block 16Y and the magnetic fluid 
63Y contained in the shield block 32Y, in the simi- 
lar manner as described above in connection with 
the magnetic head 10X , thus preventing its adverse 
influence upon the recording field. 



While plate-shaped deposition members are 
illustrated in this embodiment, such deposition 
members may be dendritic in configuration. 

While the vertically recording magnetic head 
5 constructed according to the invention is applicable 
to a magnetic recording/playback apparatus such 
as existing video tape recorder of VHS or 0 type, 
Figs. 32 and 33 illustrate a magnetic 
recording/playback apparatus incorporating the ver- 

10 tically recording magnetic head according to the 
invention. This apparatus represents a video tape 
recorder of helical scan type. As shown, the mag- 
netic record medium 4 extends around a stationary 
cylinder 71 and a rotary cylinder 72 in a helical 

75 manner as guided by an inlet guide post 73 and an 
outlet guide post 74. It is to be understood that the 
record medium 4 comprises the flexible base 4a 
which may comprise a high polymer film, on which 
the high magnetic permeability layer 4b is formed 

20 comprising Fe-Ni-Li, permalloy or the like, with the 
vertically recording layer 4c formed thereon having 
an easy axis of magnetization in a direction per- 
pendicular to the surface of the medium, as men- 
tioned previously in connection with Fig. 1. The 

25 record medium 4 extends through a nip between a 
capstan 75 and a pinch roller 76 so as to be driven 
for running in a direction indicated by an arrow X 
as the capstan 75 rotates. The capstan 75 is driven 
for rotation by a capstan motor 77, and the rotary 

30 cylinder 72 is driven by a motor 78. A control head 
79 is disposed along a tape path from the outlet 
guide post 74 to the capstan 75 for recording or 
reproducing a tracking signal or the like on or from 
a control track which is located toward the bottom 

35 edge of the record medium 4. 

Combined vertically recording/playback mag- 
netic heads 10Zi , IOZ2 are disposed on the rotary 
cylinder 72 toward the bottom thereof. (In Rg. 33, 
the head 10Zi is invisible since it is hidden behind 

40 the rotary cylinder 72.) The pair of heads 10Zi and 
10Z 2 are located symmetrically with respect to the 
center of rotation of the rotary cylinder 72, or 
spaced apart 180* around the peripheral surface 
thereof, and the free end of the main pole block of 

45 these heads are exposed through the peripheral 
surface of the rotary cylinder 72. Except for the 
exposed ends of main pole blocks 15Zi, 15Z2, 
these main pole blocks 15Zi, 15Z2 are surrounded 
by magnetic shield blocks 16Zi, 16Z 2 which are 

50 formed of a magnetizable material which exhibits a 
high permeability. 

Main pole block 15Zi and magnetic shield 
block 16Zi of the head 10Zi are shown in more 
detail by enlarged views of Figs. 34A and 34B. As 

55 shown, the head 1 0Zi is of main pole excited type, 
and includes the main pole block 15Zi comprising 
a block 14Zi of a magnetizable material, a main 
pole film 11Zi and a pair of main pole sandwich 
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members 12Zi, 13Zl The block 14Zi is in the 
form of a parallelpiped and is formed of a mag- 
netizable material of high permeability such as 
manganese zinc ferrite, nickel zinc ferrite or the 
like, and is centrally formed with a recess in its 
outer surface, with a projection being formed cen- 
trally in the recess and provided with a winding 
24Zi. One end of the main pole film 11Zi is 
cemented to the projection, and the pair of main 
pole sandwich members 12Zi, 13Zi which support 
the opposite lateral sides of the main pole film 
1 1 Zi in a sandwiched manner are cemented to the 
end face of the block 14Zi. The main pole film 
11Zi may comprise amorphous, magnetic metals 
such as cobalt zirconium niobium, cobalt zirconium 
molybdenum, or permalloy or sendust while the 
sandwich members 12Zi, 13Zi comprise a non- 
magnetic ferrite or the like. The surfaces of the 
main pole film 11Zi and the sandwich members 
12Zi, 13Zi which are disposed for sliding contact 
with the record medium 4 is polished into an ar- 
cuate configuration. 

A magnetic shield block 16Zi which is box- 
shaped and formed of the same high permeability 
material as used for the block 14Zi is disposed in 
surrounding relationship with the entire main pole 
block 15Zi. Specifically, the magnetic shield block 
16Zi is fixed, as by embedding, in a space defined 
at a given location within the rotary cylinder 72, 
and the magnetic shield block 16Zi is formed with 
a recess 16aZt centrally in its exposed surface 
which is coplanar with the peripheral surface of the 
rotary cylinder 72. The block 14Zi of a mag- 
netizable material which is a part of the main pole 
block 15Zi is embedded in the recess 16aZi. The 
clearance between the block 14Zi and the mag- 
netic shield block 16Zi is filled with a non-mag- 
netic adhesive 27Zi such as epoxy resin, water 
glass or the like, thus providing an integral con- 
struction of the both blocks 15Zi and 16Zi. It will 
be noted that the front end of the block 15Zi 
projects through a given distance from the plane of 
the opening of the recess 16aZi to assure a reli- 
able sliding contact with the record medium 4 
which moves around the outer peripheral surface of 
the rotary cylinder 72. The magnetic head IOZ2 is 
constructed in an identical manner and is disposed 
in the rotary cylinder 72 at another given location. 

It will be noted that in the video tape recorder, 
an arcuate wall member 80 is disposed along the 
peripheral surface of the rotary cylinder 72. The 
wall member 80 comprises a high permeability 
material as used for the blocks 16Z 2 , and is 

closely spaced from the locus of rotation of the 
free ends of the heads 10Zi and 10Z 2 , by a small 
clearance which defines the path for running the 
record medium 4. It is to be noted that the wall 
member 80 covers the locus of rotation of the 



heads 10Zi and 10Z 2 over an arc equal to or 
greater than 180*. 

The wall member 80 is vertically movable in a 
direction parallel to the peripheral surface of the 
5 rotary cylinder 72 so that upon loading or disposing 
the record medium 4 around the peripheral surface 
of the stationary cylinder 71 and the rotary cylinder 
72 in a given region, the wall member 80 is pre- 
viously brought to a position 80' shown in phantom 
10 line in Fig. 35 which is above the rotary cylinder 72 
and where it does not interfere with the loading, but 
that after the record medium 4 is loaded in a given 
position, the wall member 80 is lowered to a given 
elevation as indicated in Figs. 35 and 36 where it is 
15 located opposite to the heads 10Zi and 10Z 2 . 

During a recording/playback operation of the 
magnetic recording and playback apparatus, the 
recording medium 4 runs in a direction indicated 
by an arrow X shown in Fig. 32, and the heads 
20 10Zi and 10Z 2 carried by the rotary cylinder 72 
rotate, as the cylinder 72 rotates, to effect a helical 
scan of the running record medium 4 for perform- 
ing a recording or playback operation. When a 
recording operation takes place, for example, by 
25 the heads 10Zi and 10Z 2 , a magnetic field devel- 
oped by the main pole films 11Zi, 11 Z2 of these 
heads follow paths 25Z shown in Fig. 34C, which 
are in the form of a pair of laterally juxtaposed 
narrow ellipses, to record the medium 4 as the 
30 heads 10Z1 , 10Z 2 are located opposite to the wall 
member 80 through the interposed record medium 
4. If an external field, as indicated by a solid arrow 
Y, is applied to the record medium 4 either during 
or subsequent to the magnetic recording, such 
35 external field will follow paths 26Z, which are di- 
vided laterally as it proceeds through the interior of 
the magnetic shield blocks I6Z1, 16Z 2 , and after 
passing through the record medium 4, they reach 
the wall member 80 where they travel along the 
40 wall member 80 in directions away from the heads 
IOZ1 , 10Z 2 to be released into the air. In other 
words, the internal magnetic field or recording field 
as indicated by the paths 25Z are completely sepa- 
rated from the external magnetic field as indicated 
45 by the paths 26Z and which are spaced outside, 
thus assuring that an external magnetic field cannot 
influence upon the recording field. The same ap- 
plies to a playback operation. Accordingly, a reduc- 
tion in the recording/playback level attributable to 
50 the presence of an external magnetic field as well 
as a reduction in the recorded level of the medium 
when the vertically recording magnetic head is 
brought close to or into sliding contact with the 
recorded medium can be effectively avoided. 
55 In the above embodiment, the wall member 80 

has been described as comprising as a single 
member of high permeability material which is the 
same as used for the magnetic shield blocks 16Zi, 
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I6Z2 surrounding the main pole blocks 15Zi, 15Z2, 
the wall member may comprise a hollow arcuate 
wall member which may be formed of a plastic 
material and in which magnetic fluid, as used with 
the magnetic heads 10X, 10Y, are injected. 

The heads 10Zi , 10Z 2 are of main pole excited 
type, but a similar head of auxiliary pole excited 
type can also be constructed. In this instance, an 
exciting winding may be disposed on the wall 
member 80 to provide an integral magnetic con- 
struction for the auxiliary pole. 

It should be understood that the use of the 
vertically recording magnetic head of the invention 
is not limited to a video tape recorder, but such 
head is also applicable to an audio tape recorder. 

Another embodiment of the invention as ap- 
plied to a vertically recording magnetic head which 
is manufactured according to the thin film technol- 
ogy will be described. As compared with a normal 
magnetic head, a thin film head provides advan- 
tages that (1) the size can be reduced and a 
multiple track implementation is possible; (2) the 
manufacturing cost can be reduced and a uniform 
response can be assured by a mass production; 
and (3) a low inductance facilitates the achieve- 
ment of a broad band response. Accordingly, such 
head is increasingly finding applications in mag- 
netic recording and playback apparatus such as 
magnetic disc units. For this reason, a vertically 
recording magnetic head of thin film type which is 
less susceptible to the influence of an external 
magnetic field is desired. 

Fig. 37 shows a vertically recording magnetic 
head of thin film type according to the invention in 
an enlarged section. As mentioned previously, the 
record medium 4 comprises the flexible base 4a 
formed of a high polymer film, the magnetic layer 
4b of a high permeability which may be formed of 
Fe-Ni, permalloy or the like and which is deposited 
on the base 4a, and the vertically recording mag- 
netic layer 4c formed thereon and having an easy 
axis of magnetization which is perpendicular to the 
surface of the medium. A magnetic head 100 
shown comprises a substrate 95 which is formed 
with a main pole 91, a winding conductor 92 and a 
reflux pole 93, a first magnetic substrate 96 which 
surrounds the substrate 95 and provides a mag- 
netic shield, a lead 94 formed on the substrate 96, 
a non-magnetic protective member 97 disposed in 
opposing relationship with a patterned surface of 
the substrate 95, and a second magnetic substrate 
98 disposed in opposing relationship with the first 
magnetic substrate 96 in surrounding relationship 
with the protective member 97 and which provides 
a magnetic shield. 

The head 100 can be manufactured as follows: 
As shown in Fig. 38A, the first magnetic substrate 
96 is formed of a high permeability material such 



as magnetic ferrite and in the form of a parallel- 
piped. It is initially formed with a rectangular recess 
96a which opens into two mutually perpendicular 
surfaces. As shown in Fig. 38B, the substrate 95 is 
5 fitted into the recess 96a, and is then integrally 
secured to the magnetic substrate 96 as by adhe- 
sion. Two of the surfaces of the substrate 95 as it 
is integrally connected to the magnetic substrate 
96 which are exposed through the recess 96a, 

10 namely, the upper surface 95a as viewed in Fig. 
38B and the front side surface 95b (which is re- 
ferred to hereafter as front end face) located op- 
posite to the medium 4 (see Fig. 37), are polished 
to be coplanar with the surface of the magnetic 

15 substrate 96. Subsequently, the polished upper 
surface 95a of the substrate 95 is formed with a 
thin film pattern in the sequence of the main pole 
91, the winding conductor 92 and the reflux pole 
93, as shown in Fig. 38C. The main pole 91 and 

20 the reflux pole 93 may be formed of amorphous 
magnetic metals such as cobalt zirconium niobium, 
cobalt zirconium molybdenum, permalloy, sendust 
or the like. It is to be noted the respective patterns 
for the main pole 91 , the winding conductor 92 and 

25 the reflux pole 93 are formed by a well-known 
multi-layer wiring technology with insulating layers 
interposed therebetween. One end of the main pole 
91 and the reflux pole 93 is exposed through the 
lateral side 95b of the substrate 95 (see Fig. 37). 

30 After the magnetic head pattern is formed on the 
substrate 95, a thin film which defines a pair of 
leads 94 is formed on the upper surface of the 
magnetic substrate 96 for connection with the op- 
posite ends of the winding conductor 92. The re- 

35 maining ends of the pair of leads 94 extend to the 
rear end of the first magnetic substrate 96 which is 
located opposite from the front end face 95b of the 
substrate 95. 

The magnetic head pattern formed on the up- 

40 per surface 95a of the substrate 95 remains ex- 
posed under this condition, and hence is protected 
by the protective member 97 formed of a non- 
magnetic material and by the second magnetic 
substrate 98. The second substrate 98 is formed of 

45 a high permeability material such as magnetic fer- 
rite in the similar manner as the first substrate 96, 
and has a parallelpiped configuration having a 
length which is slightly less than that of the first 
magnetic substrate 96, as viewed in the lateral 

50 direction in Fig. 39A, and a recess 98a of a com- 
parable size to the recess 96a is formed therein so 
as to open into two mutually perpendicular surfaces 
of the magnetic substrate 98. As shown in Fig. 
39B, the non-magnetic protective member 97 is 

55 fitted into the recess 98a and is integrally secured 
to the second magnetic substrate 98 as by adhe- 
sion. The protective member 97 has a thickness 
which is less than the depth of the recess 98a, as 
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measured in the direction of the thickness of the 
second magnetic substrate 98, so that as viewed in 
Fig. 39B, the top surface of the protective member 

97 is slightly recessed relative to the upper surface 

of the second magnetic substrate 98, defining a 5 
step g on the order of several tens of urn there- 
between. The second magnetic substrate 98 having 
the protective member 97 integrally secured there- 
to is then vertically inverted or disposed upside 
down, and is superimposed upon the first magnetic 10 
substrate 96 having the substrate 95 integrally se- 
cured thereto at a position 98A shown in phantom 
line in Fig. 40, and the both magnetic substrate 96, 

98 are bonded together by the use of an adhesive 

or glass fusion means. At this time, the protective 15 
substrate 97 is located opposite to the substrate 
95, but since there is the step g between the 
surfaces of the protective substrate 97 and the 
second magnetic substrate 98, the protective sub- 
strate 97 is prevented from contacting the magnetic 20 
head pattern comprising the main pole 91, the 
winding conductor 92 and the reflux pole 93 on the 
substrate 95 when the first magnetic substrate 96 
and the second magnetic substrate 98 are bonded 
together, thus covering and protecting the magnetic 25 
head pattern. The head 100 is manufactured as an 
integral assembly of the two magnetic substrate 96, 
98 bonded together. Since the first magnetic sub- 
strate 96 has a length which is slightly greater than 
that of the second magnetic substrate 98, the ends 30 
of the leads 94 extending to the rear end of the 
first magnetic substrate 96 are exposed externally, 
providing connection terminals. 

During a magnetic recording or playback op- 
eration which takes place using the magnetic head 35 
100 constructed in the manner mentioned above, 
the record medium 4 is run in a direction indicated 
by an arrow X along the front end face of the head 
100 - As shown in Fig. 37, a magnetic member 99 
is disposed opposite to the front end face of the 40 
head 100 with the record medium 4 interposed 
therebetween. During a magnetic recording opera- 
tion, a recording current is passed through the 
winding conductor 92 through the leads 94, thereby 
causing the main pole 91 to develop a magnetic 45 
field which follows a path 101 including the main 
pole 91, record medium 4, reflux pole 93 and 
returning to the main pole 91. If an external mag- 
netic field, as indicated by a solid arrow Y, is 
applied to the record medium 4 in a direction 50 
perpendicular thereto either during or subsequent 
to the magnetic recording, such external field fol- 
lows paths 102, which are divided when passing 
through the first magnetic substrate 96 and the 
second magnetic substrate 98, and after passing 55 
through the record medium 4, they enter the mag- 
netic member 99, from which it is released into the 
air. Thus, the external field indicated by the paths 



102 and the internal field or recording field in- 
dicated by the path 101 are completely separated 
from each other, preventing the external field from 
influencing upon the recording field. During a 
playback operation, a recorded medium produces a 
magnetic field which defines the same path as 
occurs during the recording operation. In this man- 
ner, a reduction in the recording/playback level 
attributable to the presence of an external magnetic 
field as well as a reduction in the recording level of 
the medium as the magnetic head is brought close 
to or into sliding contact with the recorded medium 
can be effectively avoided. 

Claims 

1. A vertical recording magnetic head (10) dis- 
posed close to or in sliding engagement with a 
vertical magnetic recording medium (4), said 
magnetic head comprising a main pole (15), 
one end of said main pole (15) being posi- 
tioned in adjacent relationship with said mag- 
netic recording medium (4), and magnetic 
shielding means (16, 19, 32) being formed of a 
magnetizable material having a high perme- 
ability and being spaced from said magnetic 
pole (15) to provide a gap therebetween to 
shield the magnetic pole from influence of ex- 
ternal magnetic fields, and non-magnetic 
means (27) for maintaining said gap and for 
joining said magnetic head to said shielding 
means (16), 

characterized in that, 

said shielding means comprise a first member 
(16) surrounding said magnetic head (15) on 
all sides except the said one end thereof dis- 
posed in adjacent relationship to the magnetic 
recording medium (4) and 
a second member (19, 32) disposed adjacently 
below said main pole (15) in opposing relation- 
ship to the main pole (15) the magnetic record- 
ing medium (4) being interposed between the 
first and second members (19, 32), said sec- 
ond member (19, 32) having such a lateral 
width that a magnetic field from the first mem- 
ber (16) enters said second member. 

2. A vertically recording magnetic head according 
to Claim 1 , further comprising pad means (1 7, 
18) on the shielding means (16) of high per- 
meability material for sliding contact with the 
recording medium (4) in order to locate a sur- 
face of the main pole which (1 5) is adapted to 
be brought into sliding contact with the me- 
dium (4) in a range which is optimum for a 
recording/playback operation. 

3. A vertically recording magnetic head according 



26 



49 



EP 0 202 343 B1 



50 



to Claim 2 In which said pad means (17, 18) is 
disposed on opposite sides of the sliding sur- 
face of the main pole (15) as viewed in the 
direction (X) in which the record medium (4) 
moves relative to the main pole, the pad 
means (17, 18) having a sliding surface with 
the record medium (4) which is elongate in a 
direction perpendicular to the direction (X) of 
movement of the record medium (4). 

4. A vertically recording magnetic head according 
to Claim 2 in which the sliding surface of the 
main pole (15) has a curvature in a direction 
perpendicular to the direction (X) of movement 
of the record medium (4) which is greater than 
the curvature in the direction of movement of 
the record medium (4), and in which the sliding 
surfaces of the pad means (17, 18) which are 
presented to the record medium (4) predomi- 
nantly include portions extending substantially 
in the direction of movement of the record 
medium on the opposite lateral sides of the 
sliding surface of the main pole (15). 

5. A vertically recording magnetic head according 
to Claim 2 in which the sliding surface of the 
main pole (15D) is defined as a curved surface 
which represents part of a sphere, and in 
which the sliding surface of the pad means 
(17D) is formed in an annular configuration 
surrounding the sliding surface of the main 
pole. 

6. A vertically recording magnetic head according 
to Claim 2 in which the pad means (17, 18) is 
formed of an anti-friction and abrasion resistant 
material at least in a region where it is dis- 
posed in sliding contact with the record me- 
dium. 

7. A vertically recording magnetic head according 
to to Claim 2 in which the pad means (17, 18) 
is formed of a dust removing material at least 
in a region where it is disposed in sliding 
contact with the record medium (4). 

8. A vertically recording magnetic head according 
to Claim 7 in which the sliding surface of the 
pad means (17, 18) comprises a thin layer of 
dust removing material. 

9. A vertically recording magnetic head according 
to Claim 8 in which the thin layer includes at 
least one of alumina, chromium dioxide and 
beryllia. 

10. A vertically recording magnetic head according 
to Claim 1 in which the magnetic shielding 



means (16) are formed as a block of high 
permeability material with a recess (16a) which 
opens in at least a side that is located opposite 
to the record medium (4), a main pole block 
5 integrally containing the main pole (15) being 

disposed in the recess (16a). 

11. A vertically recording magnetic head according 
to Claim 10 in which the main pole block (15) 

io is detachably mounted in the recess (16a) at a 

given location. 

12. A vertically recording magnetic head according 
to Claim 10 in which a plurality of main pole 

15 blocks (15Ji, 15J2) are disposed in the recess 

(16aJ). 

13. A vertically recording magnetic head according 
to Claim 12 in which a main pole block (15Ji) 

20 devoted for a recording operation and a main 

pole block (15J2) devoted for a playback op- 
eration are disposed in the recess (16aJ). 

14. A vertically recording magnetic head according 
25 to Claim 10 in which the main pole block 

comprises a support which is rotatably carried 
by a shaft within the recess to support a main 
pole devoted for a recording operation and a 
main pole devoted for a playback operation at 
30 a given spacing therebetween, the surrounding 

wall of the recess being shaped to cover a 
locus of rotation of the both main poles from 
the outside. 

35 15. A vertically recording magnetic head according 
to Claim 14 in which the peripheral wall com- 
prises a first portion which covers the locus of 
rotation from the outer side, and a second and 
a third portion which are juxtaposed with the 

40 first portion so as to enclose the space from 

the opposite sides. 

16. A vertically recording magnetic head according 
to Claim 13 or 14 in which the main pole of the 

45 main pole block devoted for a recording opera- 

tion predominantly comprises a magnetically 
soft film having a high saturation flux density 
while the main pole of the main pole block 
devoted for a playback operation predominant- 

50 ly comprises a magnetically soft film having a 

high initial permeability. 

17. A vertically recording magnetic head according 
to Claim 10 including an actuator disposed 

55 between the internal wall of the recess and the 

main pole block for biasing the position of the 
main pole block. 



27 



51 



EP 0 202 343 B1 



52 



to Claim 1 comprising a block of a magnetiza- 
ble material exhibiting a high permeability 
which is disposed in a rotatable head support 
(72), and a main magnetic pole disposed in the 
5 block of the high permeability material so as to 

be surrounded thereby for sliding contact with 
the record medium in a given range of the 
locus of rotation of the head support, the head 
cooperating with a wall member (80) formed of 
io a magnetizable material exhibiting a high per- 

meability and disposed in a magnetic record- 
ing and playback apparatus so as to be mov- 
able close to the front end of the main mag- 
netic pole along the locus of movement there- 
15 of. 

Paten tansprii che 

1. Senkrechtaufzeichnungs-Magnetkopf (10), der 
20 in der Nahe eines senkrechten magnetischen 

Aufzeichnungstragers (4) oder in Gleiteingriff 
mit demselben angeordnet ist, wobei der Ma- 
gnetkopf einen Hauptpol (15) aufweist, ein 
Ende des Hauptpols (15) in einem dem ma- 
25 gnetischen Aufzeichnungstrager (4) benachbar- 

ten Verhaltnis angeordnet ist.sowie magneti- 
sche Abschirmeinrichtungen (16, 19, 32), die 
aus einem magnetisierbaren Material von ho- 
nor Permeabilitat gebildet sind und von dem 
30 Magnetpol (15) einen Abstand zur Schaffung 



18. A vertically recording magnetic head according 
to Claim 1 7 in which a plurality of actuators are 
disposed between either the bottom surface or 
the peripheral wall of the internal surface of the 
recess and the main pole block. 

19. A vertically recording magnetic head according 
to Claim 17 in which the actuator comprises a 
piezoelectric element. 

20. A vertically recording magnetic head according 
to Claim 10 in which at least one of the main 
pole block devoted for recording operation and 
the main pole block (15T) devoted for playback 
operation are disposed within the recess while 
an erasure head (53) is disposed externally of 
the block of the high permeability material. 

21. A vertically recording magnetic head according 
to Claim 20 in which the erasure head (53) is 
mounted on the block of the high permeability 
material with an actuator (54) interposed there- 
between. 

22. A vertically recording magnetic head according 
to one of the proceeding claims in which the 
second member (19) is formed with a projec- 
tion (22) at a location opposite to the main pole 
(15) which extends close to the record medium 
(4). 

23. A vertically recording magnetic head according 
to Claim 24 in which the projection (22) has a 
winding disposed therearound to provide an 
auxiliary magnetic pole (23). 

24. A vertically recording magnetic head according 
to Claim 22 in which the projection comprises 
an auxiliary magnetic pole member (23V) 
which is formed separately from the second 40 
block (19V). and is positioned and fixedly em- 
bedded in a recess (19aV) formed in the sec- 
ond block. 

25. A vertically recording magnetic head according 45 
to Claim 1, 10 or 24, further including a non- 
magnetic spacer (58) disposed between the 
bottom of the recess and the auxiliary mag- 
netic pole member (22W) for adjusting the 
degree of projection of the auxiliary pole mem- so 
ber from the recess. 

26. A vertically recording magnetic head according 
to Claim 1 in which the shielding means (16X) 

of the high permeability material comprises a 55 
magnetic fluid (61). 

27. A vertically recording magnetic head according 



eines Spaltes zwischen ihnen haben, urn den 
Magnetpol gegen Beeinflussung Sufferer Ma- 
gnetfelder abzuschirmen, sowie nichtmagneti- 
sche Einrichtungen (27) zum Aufrechterhalten 
des Spaltes und Verbinden des Magnetkopfes 
mit den Abschirmeinrichtungen (16), dadurch 
gekennzeichnet, dafl die Abschirmeinrichtun- 
gen einen ersten Teil (16), der den Magnetkopf 
(15) an alien Seiten aufler dem einen Ende 
desselben, welches mit dem magnetischen 
Aufzeichnungstrager (4) in benachbartem Ver- 
haltnis angeordnet ist, umgibt, sowie einen 
zweiten Teil (19, 32), der benachbart unterhalb 
des Hauptpols (15) in dem Hauptpol (15) ge- 
genuberliegendem Verhaltnis angeordnet ist, 
wobei der magnetische Aufzeichnungstrager 
(4) zwischen dem ersten und zweiten Teil (19, 
32) angeordnet ist, wobei der zweite Teil (19, 
32) eine solche laterale Breite hat, dafi ein 
Magnetfeid vom ersten Teil (16) in den zweiten 
Teil eintritt. 

2. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 1, ferner mit einer Polstereinrichtung 
(17, 18) an der Abschirmeinrichtung (16) aus 
hoch permeablem Material zur Gleitberuhrung 
mit dem Aufzeichnungstrager (4), urn eine 
Oberflache des Hauptpols (15), die geeignet 
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ist, mit dem Trager (4) in Gleitberuhrung ge- 
bracht zu werden, in einem Bereich anzuord- 
nen, der fur einen 

Aufzeichnungs/Wiedergabevorgang optimal ist. 

5 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 2, bei dem die Polstereinrichtung 
(17, 18) an entgegengesetzten Seiten der 
Gleitflache des Hauptpols (15) in der Richtung 
(X) gesehen, in der der Aufzeichnungstrager to 
(4) sich gegenuber dem Hauptpol bewegt, an- 
geordnet ist, wobei die Polstereinrichtung (17, 
18) eine Gleitflache mit dem Aufzeichnungstra- 
ger (4) hat, die in Richtung rechtwinklig zur 
Richtung (X) der Bewegung des Aufzeich- 15 
nungstragers (4) langlich ist. 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 2, bei dem die Gleitflache des 
Hauptpols (15) eine Krummung in einer Rich- 20 
tung rechtwinklig zur Richtung (X) der Bewe- 
gung des Aufzeichnungstragers (4) hat, die 
grb'Ber ist als die KrUmmung in Bewegungs- 
richtung des Aufzeichnungstragers (4), und bei 
dem die Gleitflachen der Polstereinrichtung 25 
(17, 18), die dem Aufzeichnungstrager (4) dar- 
geboten werden, uberwiegend Bereiche ein- 
schlieSen, die sich im wesentlichen in Bewe- 
gungsrichtung des Aufzeichnungstragers an 
den entgegengesetzten lateralen Seiten der 30 
Gleitflache des Hauptpols (15) erstrecken. 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 2, bei dem die Gleitflache des 
Hauptpols (15D) als gekrummte Oberflache 35 
bestimmt ist, die einen Teil einer Kugel dar- 
stellt, und bei dem die Gleitflache der Polster- 
einrichtung (17D) in einer die Gleitflache des 
Hauptpols umgebenden, ringformigen Gestalt 
gebildet ist. 40 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 2, bei dem die Polstereinrichtung 
(17, 18) mindestens in einem Bereich, in dem 
sie in Gleitberuhrung mit dem Aufzeichnungs- 45 
trager angeordnet ist, aus einem Antifriktions- 
und abriebfesten Material gebildet ist. 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 2, bei dem die Polstereinrichtung 50 
(17, 18) mindestens in einem Bereich, in dem 
sie mit dem Aufzeichnungstrager (4) in Gleit- 
beruhrung angeordnet ist, aus einem Staub 
entfernenden Material gebildet ist. 

55 

Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 7, bei dem die Gleitflache der Pol- 
stereinrichtung (17, 18) eine dunne Schicht aus 



Staubentfernungsmaterial aufweist 

9. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 8, bei dem die dunne Schicht min- 
destens einen der Stoffe Aluminiumoxid, 
Chromdioxid und Beryllerde enthalt. 

10. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 1, bei dem die magnetischen Ab- 
schirmeinrichtungen (1 6) als ein Block aus Ma- 
terial hoher Permeabilitat mit einer Ausneh- 
mung (16a) gebildet sind, die in mindestens 
einer Seite geoffnet ist, welche sich gegenuber 
dem Aufzeichnungstrager (4) befindet, wobei 
in der Ausnehmung (16a) ein Hauptpol block, 
der den Hauptpol (15) integral enthalt, ange- 
ordnet ist. 

11. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 10, bei dem der Hauptpolblock (15) 
in der Ausnehmung (16a) an einer gegebenen 
Stelle losbar angebracht ist. 

12. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 10, bei dem eine Vielzahl von Haupt- 
polblQcken (15Ji, 15J2) in der Ausnehmung 
(1 6a J) angeordnet ist. 

13. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 12, bei dem ein einer Aufzeich- 
nungstatigkeit gewidmeter Hauptpolblock 
(15J0 und ein einer Wiedergabetatigkeit ge- 
widmeter Hauptpolblock (I5J2) in der Ausneh- 
mung (1 6aJ) angeordnet sind. 

14. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 10, bei dem der Hauptpolblock eine 
Stutze aufweist, die von einer Welle innerhalb 
der Ausnehmung drehbar abgestutzt ist, um 
einen fur eine Aufzeichnungstatigkeit gewid- 
meten Hauptpol und einen fur eine Wiederga- 
betatigkeit gewidmeten Hauptpol bei gegebe- 
nem Abstand zwischen denselben abzustut- 
zen, wobei die Umgebungswand der Ausneh- 
mung so gestaltet ist, da0 sie einen Umdre- 
hungsort der beiden Hauptpole von auflen ab- 
deckt. 

15. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 14, bei dem die Umfangswand einen 
ersten Teil, der den Umdrehungsort von der 
auBeren Seite bedeckt, sowie einen zweiten 
und einen dritten Teil aufweist, die angrenzend 
mit dem ersten Teil sind, um den Raum von 
den entgegengesetzten Seiten einzuschlie/Jen. 

16. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 13 Oder 14, bei dem der Hauptpol 
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des fur eine Aufzeichnungstatigkeit gewidme- 
ten Hauptpolblocks uberwiegend einen magne- 
tisch weichen Film von hoher Sattigungsflu/3- 
dichte aufweist, wahrend der Hauptpol des fur 
eine Wiedergabetatigkeit gewidmeten Haupt- s 
polblocks uberwiegend einen magnetisch wei- 
chen Film von hoher Anfangspermeabilitat auf- 
weist. 



17. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 10 mit einem zwischen der Innen- 
wand der Ausnehmung und dem Hauptpol- 
block angeordneten Betatiguhgsglied zur Lage- 
vorspannung des Hauptpolblocks. 



24. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 22, bei dem der Vorsprung ein Hilfs- 
magnetpolglied (23V) aufweist, welches ge- 
trennt vom zweiten Block (19V) gebildet und in 
einer in dem zweiten Block gebildeten Ausneh- 
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18. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 17, bei dem eine Vielzahl von Betati- 
gungsgliedern zwischen entweder der Boden- 
flache oder der Umfangswand der Innenflache 

der Ausnehmung und dem Hauptpolbloek an- 20 
geordnet ist 

19. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 17, bei dem das Betatigungsglied 

ein piezoelektrisches Element aufweist. 25 

20. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 10, bei dem mindestens einer des 
fur AufzeichnungsbetrietK gewidmeten Haupt- 
polblocks und des fur Wiedergabebetrieb ge- 30 
widmeten Hauptpolblocks (15T) innerhalb der 
Ausnehmung angeordnet sind, wahrend ein 
Loschkopf (53) auflerhalb des Blocks aus Ma- 
terial von hoher Permeabilitat angeordnet ist. 

35 

21. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 20, bei dem der Loschkopf (53) am 
Block aus hoch permeablen Material unter Zwi- 
schenschaltung eines Betatigungsgliedes (54) 
angeordnet ist. 40 

22. Senkrecht aufzeichnender Magnetkopf nach ei- 
nem der vorhergehenden Anspruche, bei dem 
der zweite Teil (19) an einer Stelle dem Haupt- 
pol (15) gegenuber mit einem Vorsprung (22) 45 
gebildet ist, der sich bis in die Nahe des 
Aufzeichnungstragers (4) erstreckt. 

23. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 24, bei dem urn den Vorsprung (22) 50 
eine Wicklung angeordnet ist, urn einen Hilfs- 
magnetpol (23) zu schaffen. 
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mung (19aV) angeordnet und fest eingebettet 
ist. 

25. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 1, 10 oder 24, ferner mit einem 
zwischen dem Boden der Ausnehmung und 
dem Hilfsmagnetpolglied (22W) angeordneten, 
nicht magnetischen Abstandhalter (58) zum 
Einstellen des AusmaJ3es, urn das das Hilfspol- 
glied aus der Ausnehmung vorsteht. 

26. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 1, bei dem die Abschirmeinrichtung 
(16X) aus dem Material hoher Permeabilitat ein 
magnetisches Fluid (61) aufweist. 

27. Senkrecht aufzeichnender Magnetkopf nach 
Anspruch 1 mit einem Block aus einem ma- 
gnetisierbaren Material von hoher Permeabili- 
tat, der in einer drehbaren KopfstUtze (72) an- 
geordnet ist, und einem in dem Block aus 
hoch permeablem Material und von diesem 
umgeben angeordneten Hauptmagnetpol zur 
Gleitberuhrung mit dem Aufzeichnungstrager 
in einem gegebenen Bereich des Drehortes 
der KopfstUtze, wobei der Kopf mit einem 
Wandteil (80) zusammenwirkt, das aus einem 
magnetisierbaren Material von hoher Permea- 
bilitat gebildet und in einer 
Magnetaufzeichnungs- und Wiedergabevorrich- 
tung so angeordnet ist, da/3 es bis in die Nahe 
des vorderen Endes des Hauptmagnetpols 
langs des Bewegungsortes desselben beweg- 
bar ist. 

Revendications 

1. Tete magnetique (10) d'enregistrement vertical 
disposee a proximite de ou a glissement 
contre un substrat magnetique vertical (4) 
d'enregistrement, ladite t§te magnetique com- 
prenant un pole principal (15), une extremite" 
dudit p6le principal (15) etant placee au voisi- 
nage dudit substrat magnStique (4) d'enregis- 
trement et des 6crans magndtiques (16, 19, 
32) etant realises en matiere aimantable ayant 
une permeabilite" Slevee et dtant places a dis- 
tance dudit pole magnetique (15) afin de lais- 
ser subsister entre eux un intervalle de protec- 
tion du p6le magnetique contre I'influence de 
champs magnetiques exteVieurs et un moyen 
non magnetique (27) destine a maintenir ledit 
intervalle et a relier lesdites tetes magnetiques 
audit 6cran (16), caracterisee en ce que lesdits 
ecrans magnetiques comprennent un premier 
element (16) entourant ladite tete magnetique 
(15) sur tous les c6tes, sauf ladite extremite de 
cette derniere qui est placee au voisinage du 
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substrat magnetique d'enregistrement (4) et un 
second element (19, 32) place* a proximite 
sous ledit pfile principal (15), en face dudit 
pole principal (15), le substrat magnetique (4) 
d'enregistrement etant interpose entre les pre- 
mier et second elements (19, 32), ledit second 
element (19, 32) ayant une largeur !ate>a!e telle 
qu'un champ magnetique provenant du pre- 
mier element (16) entre dans ledit second ele- 
ment. 

2. T£te magnetique d'enregistrement vertical se- 
lon la revendication 1, comprenant par ailleurs 
des patins (17, 18) places sur Tehran (16) 
realises en matiere ayant une permeability eie- 
vee et qui sont en contact de glissement avec 
le substrat d'enregistrement (4) afin de posi- 
tionner une surface du pole principal (15) qui 
est destined a etre mise en contact de glisse- 
ment avec le substrat (4) dans des li mites qui 
sont optimales pour une operation 
d'enregistrement/lecture sonore. 

3. Tete magnetique d'enregistrement vertical se- 
lon la revendication 2, dans laquelle lesdits 
patins (17, 18) sont places sur les c6t6s oppo- 
ses de la surface de glissement du pole princi- 
pal (15) observe dans la direction (X) dans 
laquelle le substrat d'enregistrement (4) se de- 
place par rapport au p6le principal, les patins 
(17, 18) ayant une surface de glissement sur le 
substrat d'enregistrement (4) qui est allong6e 
dans une direction perpendiculaire a la direc- 
tion (X) de mouvement du substrat d'enregis- 
trement (4). 

4. Tete magnetique d'enregistrement vertical se- 
lon la revendication 2, dans laquelle la surface 
de glissement du pole principal (15) prSsente, 
dans une direction perpendiculaire a la direc- 
tion (X) du mouvement du substrat d'enregis- 
trement (4), une courbure qui est supeVieure a 
fa courbure dans la direction de mouvement 
du substrat d'enregistrement (4) et dans la- 
quelle les surfaces de glissement des patins 
(17, 18) qui sont tourneys vers le susbtrat 
d'enregistrement (4) comprennent en prepon- 
derance des parties orientees sensiblement 
dans la direction de mouvement du substrat 
d'enregistrement sur les cotes lateraux oppo- 
ses de la surface de glissement du pole princi- 
pal (15). 

5. Tete magnetique d'enregistrement vertical se- 
lon la revendication 2, dans laquelle la surface 
de glissement du pole principal (15 D) est 
constituee d'une surface incurvee qui repre- 
sente une partie d'une sphere et dans laquelle 



la surface de glissement des patins (17 D) a 
une forme annulaire entourant la surface de 
glissement du pole principal. 

5 6. Tete magnetique d'enregistrement vertical se- 
lon la revendication 2, dans laquelle les patins 
(17, 18) sont realises en une matiere antifric- 
tion et resistante a I'abrasion au moins dans 
une region dans laquelle ils sont places en 

io contact de "glissement avec le substrat d'enre- - 

gistrement. 

7. Tete magnetique d'enregistrement vertical se- 
lon la revendication 2, dans laquelle lesdits 

15 patins (17, 18) sont realises en matiere eiimi- 

nant la poussiere au moins dans une region 
dans laquelle ils sont places en contact de 
glissement avec le substrat d'enregistrement 
(4). 

20 

8. Tete magnetique d'enregistrement vertical se- 
lon la revendication 7, dans laquelle la surface 
de glissement des patins (17, 18) comprend 
une couche mince d'une matiere eiiminant la 

25 poussiere. 

9. Tete magnetique d'enregistrement vertical se- 
lon la revendication 8, dans laquelle la couche 
mince consiste en au moins I'une des substan- 

30 ces suivantes : alumine, dioxide de chrome et 

glucine. 

10. Tete magnetique d'enregistrement vertical se- 
lon la revendication 1, dans laquelle recran 

35 magnetique (16) est constitue d'un bloc de 

matiere ayant une permeabilite eievee et il 
comporte une cavite (16a) qui s'ouvre sur au 
moins un cote qui est place en face du subs- 
trat d'enregistrement (4), un bloc contenant 

40 integralement le pole principal (15) etant place 

dans la cavite (1 6a). 

11. Tete magnetique d'enregistrement vertical se- 
ion la revendication 10, dans laquelle le bioc 

45 (15) du p6le principal est monte amovible dans 

la cavite (16a) en un emplacement donne. 

12. Tete magnetique d'enregistrement vertical se- 
lon la revendication 10, dans laquelle plusieurs 

so blocs de p6le principal (15 Ji , 15 J2) sont 

disposes dans la cavite (16aJ). 

13. Tete magnetique d'enregistrement vertical se- 
lon la revendication 12, dans laquelle un bloc 

55 de pole principal (15 J1) destine a une opera- 

tion d'enregistrement et un bloc de pole princi- 
pal (15 J 2 ) destine a une operation de lecture 
sonore sont disposes dans la cavite (16aJ). 
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14. Tete magnetique d'enregistrement vertical sa- 
lon la revendication 10, dans laquelle le bloc 
de pole principal consiste en un support qui 
est monte sur un arbre de maniere a pouvoir 
tourner a I'inteVieur de la cavite afin de suppor- 
ter un p6le principal destine* a une operation 
d'enregistrement et un p6le principal destine* a 
une operation de lecture sonore, un espace 
donne sSparant ces p6les, la paroi d'envelop- 
pement de la cavite etant conformee de ma- 
niere a recouvrir un lieu de rotation des deux 
p6les principaux vis a vis de I'exterieur. 

15. Tete magnetique d'enregistrement vertical sa- 
lon la revendication 14, dans laquelle la paroi 
pe>iphe*rique comprend une premiere partie 
qui recouvre le lieu de rotation sur le cote* 
exterieur ainsi que des deuxieme et troisieme 
parties qui sont juxtaposes a la premiere par- 
tie de maniere a envelopper Pespace sur les 
cotes opposes. 

16. Tete magnetique d'enregistrement vertical se- 
lon la revendication 13 ou 14, dans laquelle le 
pdle principal du bloc de pole principal qui est 
destine* a une operation d'enregistrement 
consiste en majeure partie en une pellicule 
magnStiquement sensible ayant une density 
elevee de flux de saturation, tandis que le p6le 
principal du bloc de p6le principal destine* a 
une operation de lecture sonore consiste en 
majeure partie en une pellicule magnetique- 
ment sensible ayant une permeabilite initiate 
elevee. 

17. Tete magnetique d'enregistrement vertical se- 
lon la revendication 1 0, comprenant un organe 
d'actionnement dispose entre la paroi interne 
de la cavite et le bloc de pole principal afin 
d'influer sur la position du bloc de p6le princi- 
pal. 

1a Tete magnetique d'enregistrement vertical sa- 
lon la revendication 17, dans laquelle plusieurs 
organes d'actionnement sont disposes entre 
soit la surface de fond, soit la paroi pe>iph<§ri- 
que de la surface interne de la cavite* et le bloc 
de pole principal. 

19. Tete magnetique d'enregistrement vertical se- 
lon la revendication 17, dans laquelle I'organe 
d'actionnement consiste en un element piezo£- 
lectrique. 

20. Tete magnetique d'enregistrement vertical se- 
lon la revendication 10, dans laquelle au moins 
I'un du bloc du pole principal destine a rope- 
ration d'enregistrement et du bloc de pole 



principal (1 5 T) destine a I'operation de lecture 
sonore est dispose a I'interieur de la cavite, 
tandis qu'une tete d'effacement (53) est dispo- 
sed a Texterieur du bloc de matiere ayant une 
5 permeabilite elevee. 

21. Tdte magnetique d'enregistrement vertical se- 
lon la revendication 20, dans laquelle la tete 
d'effacement (53) est montee sur le bloc de 

10 matiere a permeabilite elevee avec un organe 

d'actionnement (54) interpose entre eux. 

22. T§te magnetique d'enregistrement vertical se- 
lon I'une des revendications precedentes, dans 

75 laquelle le second element (19) comporte une 

protuberance (22) qui est en un emplacement 
situe en face du pole principal (15) et qui 
attaint un emplacement proche du substrat 
d'enregistrement (4). 

20 

23. Tete magnetique d'enregistrement vertical se- 
lon la revendication 22, dans laquelle la protu- 
berance (22) a un enroulement dispose autour 
d'elle pour constituer un pole magnetique auxi- 

25 liaire (23). 

24. Tete magnetique d'enregistrement vertical se- 
lon la revendication 22, dans laquelle la protu- 
berance consiste en un element (23 V) de pole 

30 magnetique auxiliaire qui est une piece s6pa- 

ree du second bloc (19 V) et qui est position- 
nee et fixement enrobee dans une cavite (19a 
V) realisee dans le second bloc. 

35 25. Tete magnetique d'enregistrement vertical se- 
lon la revendication 1, 10 ou 24, comprenant 
par ailleurs une entretoise non magnetique (58) 
disposee entre le fond de la cavite et reiement 
(22 W) de pdle magnetique auxiliaire afin de 

40 regler le degre de preeminence de reiement 

de pdle auxiliaire a Texterieur de la cavite. 

26. T§te magnetique d'enregistrement vertical se- 
lon la revendication 1, dans laquelle recran (16 

45 X) de matiere ayant une permeabilite elevee 

consiste en un fluide magnetique (61). 

27. Tete magnetique d'enregistrement vertical se- 
lon la revendication 1, comprenant un bloc de 

50 mati6re aimantable presentant une permeabili- 

te e levee et dispose dans un support rotatif 
(72) de tete et un p6le magnetique principal 
dispose dans le bloc de matiere a permeabilite 
e levee de maniere a etre entoure par lui pour 

55 etre mis en contact de glissement avec le 

substrat d'enregistrement dans un domaine 
donne* du lieu de rotation du support de la tete, 
la tete cooperant avec un element de paroi 
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(80) realise en matters aimantable pre"sentant 
une permeability elevee et etant disposes dans 
un appareil d'enregistrement et de lecture so 
nore magnetiques de facon a etre mobile a 
proximity de Textre'rnite' anterieure du pole ma- 5 
gnetique principal le long du lieu de mouve- 
ment de ce dernier. 
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FIG. 5A 
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FIG. 8A 
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FIG. 9A 
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FIG. 24A 
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FIG. 29 
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